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MASK ROM DATA SHEET 
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PRODUCT INDEX 



1 Bit Dynamic RAM 
4 Bit Dynamic RAM 
1 Bit Dynamic RAM 
4 Bit Dynamic RAM 
1 Bit Dynamic RAM 
4 Bit Dynamic RAM 



• DRAM 

GM71C256A 256K x 

GM71C464A 64K x 

GM71C1000/L 1M x 

GM71C4256A/AL 256K x 

GM71C4100A/AL 4M x 

GM71C4400A/AL 1M x 

• DRAM MODULES 

GMM78256S 256K x 8 Bit Dynamic RAM 

GMM79256NS 256K x 9 Bit Dynamic RAM 

GMM781000S 1M x 8 Bit Dynamic RAM 

GMM781000NS 1M x 8 Bit Dynamic RAM 

GMM791000S 1M x 9 Bit Dynamic RAM 

GMM791000NS 1M x 9 Bit Dynamic RAM 

GMM784000S 4M x 8 Bit Dynamic RAM 

GMM794000S 4M x 9 Bit Dynamic RAM 

GMM7321000SG 1M x 32 Bit Dynamic RAM 

GMM7361000SG 1M x 36 Bit Dynamic RAM 

GMM7361000SGS 1M x 36 Bit Dynamic RAM 

GMM7322000SG 2M x 32 Bit Dynamic RAM 

GMM7362000SG 2M x 36 Bit Dynamic RAM 

GMM7401000SG 1M x 40 Bit Dynamic RAM 

GMM7402000SG 2M x 40 Bit Dynamic RAM 



- 29 

- 48 

- 67 

- 84 
102 
124 



Module 149 

Module 153 

Module 160 

Module 165 

Module 169 

Module 174 

Module 181 

Module 181 

Module 189 

Module 199 

Module 199 

Module 189 

Module 199 

Module 209 

Module 209 



• MULTIPORT VIDEO RAM 

GM53C261 64K x 4 Bit Multiport Video RAM 



221 



SRAM 



GM76C28A 


2K 


X 


GM76C88AL 


8K 


X 


GM76C256/L/LL 


32K 


X 


GM76C256AL/ALL 


32K 


X 


GM76C8128/L/LL 


128K 


X 


• MASK ROM 






GM231000 


128K 


X 


GM23C1000 


128K 


X 


GM23C4000 


512K 


X 


GM23C4100 


512K 


X 


GM23C8100 


512K 


X 


GM23C8000 


512K 


X 



8 Bit Static RAM 251 

8 Bit Static RAM 261 

8 Bit Static RAM 270 

8 Bit Static RAM 279 

8 Bit Static RAM 288 



8 Bit ROM 301 

8 Bit ROM 305 

8 Bit ROM 309 

8/ 256K x 16 Bit ROM 313 

16/ 1M x 8 Bit ROM 318 

16/ 1M x 8 Bit ROM 323 



GOLDSTAR ELECTRON SALES NETWORK 
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MEMORY LINEUP 



1. DRAM 



60 ns 



70 ns 



80 ns 



100 ns 



256K — 



r- 256Kxl 



64Kx4 



GM71C256A-70 



GM71C256A-80 GM71C256A-10 



GM71C464A-70 GM71C464A-80 



GM71C464A-10 



1M 



lMxl - 



r- GM71C 1000-60 



256Kx4 - 



GM71C 1000-70 




GM71C 1000-80 




GM71C1000-10 



GM71C1000SJ-60 GM71C1000SJ-70 GM71C1000SJ-80 GM71C1000SJ-10 



GM71C1000Z-60 




GM71C1000Z-70 




GM71C1000Z-80 




GM71C1000Z-10 



GM71C1000L-60 




GM71C1000L-70 




GM71C1000L-80 




GM71C1000L-10 



GM71C1000LSJ-60 GM71C1000LSJ-70 GM71C1000LSJ-80 GM71C1000LSJ-10 



GM71C1000LZ-60 




GM71C1000LZ-70 




GM71C1000LZ-80 




GM71C1000LZ-10 



GM71C4256A-60 




GM71C4256A-70 




GM71C4256A-80 




GM71C4256A-10 



GM71C4256ASJ-60 GM71C4256ASJ-70 GM71C4256ASJ-80 GM71C4256ASM0 



GM71C4256AZ-60 




GM71C4256AZ-70 




GM71C4256AZ-80 




GM71C4256AZ-10 



GM71C4256AL-60 




GM71CV4256AL-70 




GM71C4256AL-80 




GM71C4256AL-10 



GM71C4256ALSJ-60 GM71C4256ALSJ-70 GM71C4256ALSJ-80 GM71C4256ALSJ-10 



GM71C4256ALZ-60 




GM71C4256ALZ-70 




GM71C4256ALZ-80 




GM71C4256ALZ-10 
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MEMORY LINEUP 



DRAM (Continued) 



— | 4M> 



1Mx4 



512Kx8 



— | 256Kxl6~j 



i- GM71C4100AJ-60 



GM71C4100AJ-70 



GM71C4100AJ-80 



GM71C4100AZ-60 




GM71C4100AZ-70 




GM71C4100AZ-80 



*GM71C4100AT/R-60 



K 



GM71C4100AT/R-70 



H*GM71C4100AT/R-80 



GM71C4100ALJ-60 | GM71C4100ALJ-70 GM71C4100ALJ 



GM71C4100ALZ-60 



GM71C4100ALZ-70 



H 



GM71C4100ALZ-80 



k GM71C4100ALT/R-60 



*GM71C4100ALT/R-7o| *GM71C4100ALT/R-80 



GM71C4100ASLJ-60 



GM71C4100ASLJ-70 GM71C4100ASLJ-80 



H 



GM71C4100ASLZ-60 GM71C4100ASLZ-70 



GM71C4100ASLZ-80 



L -*GM71C4100ASLT/R-60 



GM71C4100ASLT/R-70 



*GM71C4100ASLT/R-80 



r GM71C4400AJ-60 



GM71C4400AJ-70 



GM71C4400AJ-80 



GM71C4400AZ-60 | 1 GM71C4400AZ-70 | 1 GM71C4400AZ-80 



*GM71C4400AT/R-60 



*GM71C4400AT/R-70 




*GM71C4400AT/R-80 



r GM71C4400ALJ-60 



GM71C4400ALJ-70 



GM71C4400ALJ-80 



GM71C4400ALZ-60 



GM71C4400ALZ-70 



GM71C4400ALZ-80 



L * GM7 1C4400ALT/R-60 



GM71C4400ALT/R-70 *GM71C4400ALT/R-80 



GM71C4400ASLZ-60 | GM71C4400ASLJ-70 | GM71C4400ASLJ-80 

GM71C4400ASLZ-60 |gM71C4400ASLZ-70 



■^GM71C4400ASLZ-80 



*GM71C4400ASLT/R-60 



H 



GM71C4400ASLT/R-70 



'GM71C4400ASLT/R-80 



ti 



tGM71C4800J-70 | 1 tGM71C4800J-80 | 1 tGM71C4800J-10 



tGM71C4800LJ-70 



IGM71C4800LJ-80 



tGM71C4800LJ-10 



tGM71C4260J-70 



tGM71C4260J-80 



TGM71C4260J-10 



tGM71C4260LJ-70 tGM71C4260LJ-80 | 1 fGM71C4260LJ- 



-10 



Note *: Coming Soon f- Under Development 
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MEMORY LINEUP 



2. DRAM MODULE 



256Kx8 



256Kx9 



4Mx8 



4Mx9 



2Mx36 



2Mx40 



70 ns 



80 ns 



GMM78256S-70 



GMM78256S-80 



GMM78256S-10 



GMM79256NS-70 



y-[ 



GMM79256NS-80 



y< 



GMM79256NS-10 



I — GMM781000S-60 



GMM781000S-70 



GMM781000S-80 



GMM781000NS-60 




GMM781000NS-70 




GMM781000NS-80 







GMM791000S-60 | 1 GMM791000S-70 



GMM791000S-80 



■— GMM791000NS-60 



GMM791000NS-70 



GMM791000NS-80 



GMM784000S-60 



GMM784000S-70 



GMM784000S-80 



GMM794000S-60 



GMM794000S-70 



GMM794000S-80 



GMM7321000SG-60 



GMM7321000SG-70 



GMM7321000SG-80 



GMM7361000SG 



^M 



0-C 



GMM7361000SG-70 GMM7361000SG-80 



HGMM7361000SGS-60 



GMM7361000SGS-70 



GMM7361000SGS-80 



GMM7322000SG-60 



GMM7322000SG-70 



GMM7322000SG-80 



GMM7362000SG-60 



GMM7362000SG-70 



GMM7362000SG-80 



GMM7401000SG-60 



GMM7401000SG-70 



GMM7401000SG-80 



D-G 



GMM7402000SG-60 GMM7402000SG-70 



GMM7402000SG-80 



3. MULTIPORT VIDEO RAM 



80 ns 



100 ns 



120 ns 



256K 




64Kx4 




GM53C261Z-80 




GM53C261Z-10 




GM53C261Z-12 





(Both Side) 
(Single Side) 



(Single Side) 
(Both Side) 
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MEMORY LINEUP 



4. SRAM 



100 ns 



120 ns 



150 ns 



16K 



2Kx8 



GM76C28-10 



GM76C28-12 



GM76C28FW-10 




GM76C28FW-12 



64K 



8Kx8 



GM76C88L-15 



GM76C88LFW-15 



70 ns 



85 ns 



100 ns 



120/150 ns 



256K 



32Kx8 



GM76C256AL-70 




GM76C256AL-85 




GM76C256AL-10 



GM76C256ALFW-70 



GM76C256ALFW-85 



GM76C256ALFW-10 



GM76C256ALL-70 




GM76C256ALL-85 




GM76C256ALL-10 



GM76C256ALLFW-70 




GM76C256ALLFW-85 




GM76C256ALLFW-10 





GM76C256L-85 


- 


GMM76C256L-10 




GM76C256L-12 












GM76C256LFW-85 




GM76C256LFW-10 


— - 


GM76C256LFW-12 



| 1M | 1 128Kx8 



GM76C8128L-70 | 1 GM76C8128L-85 



GM76C8128LL-70 



M 



GM76C8128LL-85 



GM76C8120L-10 



GM76C8128LL-10 | 



GM76C8128LFW-70 



GM76C8128LFW-85| 1 GM76C8128LFW-10 



■ |GM76C8128LLFW-70| |GM76C8128LLFW-85| |gM76C8128LLFW-1q| 



5. MASK ROM 



100 ns 



120 ns 



150 ns 



200 ns 



1M 



L- GM23C1000-10 



GM23C1000-12 



GM23 1000-20 



4M - 



512Kx8 



512Kx8/ 
256Kxl6 



GM23C4000-15 



£ 



GM23C4100-15 



GM23C4100Q-15 



GM23C4000-20 



GM23C4100-20 



GM23C4100Q-20 



8M 



r 1Mx8 



1Mx8/ 
512Kxl6 



GM23C8000-15 



GM23C8100-15 



GM 23C8000-20 



GM23C8 100-20 



Note t- Under development 
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FUNCTION GUIDE 



RAMS 


















Process 


Org. 


Type No. 


Max 

Access 
Time(ns) 


Current(mA) 


Feature 


Package 
(Mil) 


Available 


Active 


S/B 



DYNAMIC RAM 





256Kxl 


GM71C256A 


- 70 

- 80 

- 10 


70 

80 

100 


70 
60 
50 


3 


FAST 
PAGE 
MODE 


16 DIP 


NOW 


64Kx4 


GM71C464A 


- 70 


70 


80 


3 


FAST 


18 DIP 


NOW 








- 80 


80 


70 




PAGE 












- 10 


100 


65 




MODE 






lMxl 


GM71C1000 


- 60 


60 


90 


1 


FAST 


18 DIP 


NOW 








- 70 


70 


80 




PAGE 


20SOJ 


" 








- 80 


80 


70 




MODE 


20 ZIP 


" 








- 10 


100 


60 










GM71C1000L 


- 60 


60 


90 


0.2 


FAST 


18 DIP 


NOW 








- 70 


70 


80 




PAGE 


20SOJ 


" 








- 80 


80 


70 




MODE/ 


20 ZIP 


" 








- 10 


100 


60 




L-POWER 






256Kx4 


GM71C4256A 


- 60 


60 


90 


1 


FAST 


20 DIP 


NOW 








- 70 


70 


80 




PAGE 


20SOJ 


" 








- 80 


80 


70 




MODE 


20 ZIP 


" 








- 10 


100 


60 










GM71C4256AL 


- 60 


60 


90 


0.2 


FAST 


20 DIP 


NOW 








- 70 


70 


80 




PAGE 


20 SOJ 


" 








- 80 


80 


70 




MODE/ 


20 ZIP 


" 


CMOS 






- 10 


100 


60 




L-POWER 






4Mxl 


GM71C4100A 


- 60 


60 


110 


1 


FAST 


20 SOJ 


NOW 






- 70 


~70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE 


20 ZIP 
20 TSOP 


lQ/'93 


GM71C4100AL 


- 60 


60 


110 


0.2 


FAST 


20 SOJ 


NOW 








- 70 


70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE/ 
L-POWER 


20 ZIP 
20 TSOP 


lQ/'93 


GM71C4100ASL 


- 60 


60 


110 


0.1 


FAST 


20 SOJ 


NOW 








- 70 


70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE/ 
SL-POWER 


20 ZIP 
20 TSOP 


lQ/'93 


1Mx4 


GM71C4400A 


- 60 


60 


110 


1 


FAST 


20 SOJ 


NOW 








- 70 


70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE 


20 ZIP 
20 TSOP 


lQ/'93 


GM71C4400AL 


- 60 


60 


110 


0.2 


FAST 


20 SOJ 


NOW 








- 70 


70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE/ 
L-POWER 


20 ZIP 
20 TSOP 


lQ/'93 


GM71C4400ASL 


- 60 


60 


110 


0.1 


FAST 


20 SOJ 


NOW 








- 70 


70 


100 




PAGE 


(300) 










- 80 


80 


90 




MODE/ 
SL-POWER 


20 ZIP 
20 TSOP 


lQ/'93 
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FUNCTION GUIDE 



RAMS 



Process 


Org. 


Type No. 


Max 

Access 

Time(ns) 


Current(mA) 


Feature 


Package 
(Mil) 


Available 


Active 


S/B 



DYNAMIC RAM (Continued) 



CMOS 


512Kx8 


GM71C4800 - 70 

- 80 

- 10 


70 

80 

100 


110 

100 

90 


1 


FAST 
PAGE 
MODE 


28 SOJ 

(400) 

28 TSOP 


3Q/'93 


GM71C4800L - 70 

- 80 

- 10 


70 

80 

100 


110 

100 

90 


0.2 


FAST 

PAGE/ 

L-POWER 


28 SOJ 

(400) 

28 TSOP 


3Q/'93 


256Kxl6 


GM71G4260 - 70 

- 80 

- 10 


70 

80 

100 


170 
150 
130 


1 


FAST 
PAGE 
MODE 


40 SOJ 

(400) 

40 TSOP 


3Q/'93 


GM71C4260L - 70 

- 80 

- 10 


70 

80 

100 


170 
150 
130 


0.2 


FAST 

PAGE/ 

L-POWER 


40 SOJ 

(400) 
40 TSOP 


3Q/'93 
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FUNCTION GUIDE 



RAMS 



Process 


Org. 


Type No. 


Max 

Access 
Time(ns) 


Current(mA) 


Feature 


Package 
(Mil) 


Available 


Active 


S/B 



DRAM 


MODULE 


















256Kx8 


GMM78256S 


- 60 


60 


180 




FAST 


30 PIN 


NOW 








- 70 


70 


160 




PAGE 


SOCKET 










- 80 


80 


140 




MODE 






256Kx9 


GMM79256NS 


- 70 


70 


245 




FAST 


30 PIN 


NOW 








- 80 


80 


200 


5 


PAGE 


SOCKET 










- 10 


100 


170 




MODE 






1Mx8 


GMM781000S 


- 60 


60 


720 




FAST 


30 PIN 


NOW 








- 70 


70 


640 


8 


PAGE 


SOCKET 










- 80 


80 


560 




MODE 






GMM781000NS 


- 60 


60 


220 




FAST 


30 PIN 


NOW 








- 70 


70 


200 


2 


PAGE 


SOCKET 










- 80 


80 


180 




MODE 


(2 CHIP) 




1Mx9 


GMM791000S 


- 60 


60 


810 




FAST 


30 PIN 


NOW 








- 70 


70 


720 


9 


PAGE 


SOCKET 










- 80 


80 


630 




MODE 






GMM791000NS 


- 60 


60 


310 




FAST 


30 PIN 


NOW 








- 70 


70 


280 


3 


PAGE 


SOCKET 










- 80 


80 


250 




MODE 


(3 CHIP) 




4Mx8 


GMM784000S 


- 60 


60 


880 




FAST 


30 PIN 


NOW 








- 70 


70 


800 


8 


PAGE 


SOCKET 




CMOS 






- 80 


80 


720 




MODE 






4Mx9 


GMM794000S 


- 60 


60 


990 




FAST 


30 PIN 


NOW 








- 70 


70 


900 


9 


PAGE 


SOCKET 










- 80 


80 


810 




MODE 






1Mx32 


GMM7321000SG 


- 60 


60 


880 




FAST 


72 PIN 


NOW 








- 70 


70 


800 


8 


PAGE 


SOCKET 










- 80 


80 


720 




MODE 






1Mx36 


GMM7361000SG 


- 60 


60 


1240 




FAST 


72 PIN 


NOW 








- 70 


70 


1120 


12 


PAGE 


SOCKET 


H = 25.4mm 








- 80 


80 


1000 




MODE 






GMM7361000SGS 


- 60 


60 


1240 




FAST 


72 PIN 


NOW 








- 70 


70 


1120 


12 


PAGE 


SOCKET 


H = 31.75mm 








- 80 


80 


1000 




MODE 






2Mx32 


GMM7322000SG 


- 60 


60 


896 




FAST 


72 PIN 


NOW 








- 70 


70 


816 


16 


PAGE 


SOCKET 










-80 


80 


736 




MODE 






2Mx36 


GMM7362000SG 


-6o 


60 


1264 




FAST 


72 PIN . 


NOW 








- s 70 


70 


1144 


24 


PAGE 


SOCKET 










-80 


80 


1024 




MODE 






1Mx40 


GMM7401000SG 


- 60 


60 


1100 




FAST 


72 PIN 


NOW 








- 70 


70 


1000 


10 


PAGE 


SOCKET 










- 80 


80 


900 




MODE 






2Mx40 


GMM7402000SG 


- 60 


60 


1120 




FAST 


72 PIN 


NOW 








- 70 


70 


1020 


20 


PAGE 


SOCKET 








( 


- 80 


80 


920 




MODE 







16 



FUNCTION GUIDE 



RAMS 
















Process 


Org. 


Type No. 


Max 

Access 

Time(ns) 


Current(mA) 


Feature 


Package 
(Mil) 


Available 


Active 


S/B 



MULTIPORT VIDEO RAM 



CMOS 


64Kx4 


GM53C261 - 80 

- 10 

- 12 


80 
100 
120 


70 
60 
50 


6 


FAST 
PAGE 
MODE 


24 ZIP 

(400) 


NOW 



STATIC RAM 



CMOS 


2Kx8 


GM76C28AL - 10 
- 12 


100 
120 


60 
50 


0.05 




24DIP/SOP 
(600/330) 


NOW 


8Kx8 


GM76C88AL - 15 


150 


40 


0.1 


L-PoWer 


28DIP/SOP 
(600/330) 


NOW 


32Kx8 


GM76C256 - 85 

- 10 

- 12 


85 
100 
120 


70 


1 




28DIP/SOP 
(600/330) 


NOW 


GM76C256L - 85 

- 10 

- 12 


85 
100 
120 


70 


0.1 


L-Power 


28DIP/SOP 
(600/330) 


NOW 


GM76C256AL - 70 

- 85 

- 10 


70 

85 

100 


70 


0.1 


L-Power 

ADVANCED 

VERSION 


28DIP/SOP 
(600/330) 


NOW 


GM76C256ALL - 70 

- 85 

- 10 


70 

85 

100 


70 


0.02 


LL-Power 

ADVANCED 

VERSION 


28DIP/SOP 
(600/330) 


NOW 


128Kx8 


GM76C8128L - 70 
-85 
- 10 


70 
85 
100 


70 


0.1 


L-Power 


32DIP/SOP 

(600/525) 


NOW 


GM76C8128LL - 70 
-85 
- 10 


70 
85 
100 


70 


0.05 


LL-Power 


32DIP/SOP 

(600/525) 


NOW 



ROM 



Process 


Org. 


Type No. 


Max 

Access 

Time(ns) 


Current(mA) 


Feature 


Package 
(Mil) 


Available 


Active 


S/B 



MASK ROM 


















NMOS 


128Kx8 


GM231000 


-20 


200 


100 


20 




28 DIP 


NOW 


CMOS 


GM23C1000 


- 10 

- 12 


100 
120 


40 


0.03 




28 DIP 


NOW 


512Kx8 


GM23C4000 


- 15 
-20 
-25 


150 
200 
250 


60 


1.15 




32 DIP 
32 SOP 


NOW 


512Kx8/ 
256Kxl6 


GM23C4100 


- 15 
-20 
-25 


150 
200 
250 


60 


1.5 


byte-word 
switchable 


40 DIP 
44QFP 


NOW 


1Mx8 


GM23C8000 


- 15 
-20 


150 
200 


50 


0.03 




32 DIP 


4Q/'92 


1Mx8/ 
512Kxl6 


GM23C8100 


- 15 
-20 


150 
200 


50 


0.03 


byte-word 
switchable 


42 DIP 


3Q/'92 



17 



CROSS REFERENCE GUIDE 



DYNAMIC RAM 



GoldStar 


Hitachi 


Toshiba 


NEC 


Fujitsu 


Mitsubishi 


TI 


GM71C256A 


HM51256 


TC51256 


UPD41256 


MB81256 


M5M4256A 


TMS4256 


GM71C464A 


HM51464 


— 


/xPD41464 


MB81464 


M5M4464A 


TMS4464 


GM71C1000 


HM511000A 


TC5 11000 


piPD421000 


MB81C1000A 


M5M41000B 


TMX4C1024 


GM71C1000L 


HM511000AL 


TC511000L 


— 


MB81C1000AL 


- 


- 


GM71C4256A 


HM514256A 


TC5 14256 


juPD424256 


MB81C4256A 


M5M44C256B 


TMS44C256 


GM71C4256AL 


HM5 14256 AL 


— 


— 


MB81C4256AL 


- 


— 


GM71C4100A 


HM514100A 


TC514100A 


/*PD424100 


MB814100 


M5M44100A 


— 


GM71C4100AL 


HM514100AL 


TC514100AL 


— 


— 


M5M44100A-L 


— 


GM71C4100ASL 


HM514100ASL 


— 


— 


— 


— 


— 


GM71C4400A 


HM514400A 


TC514400A 


/*PD424400 


MB8 14400 


M5M44400A 


— 


GM71C4400AL 


HM5 14400 AL 


TC514400AL 


— 


— 


M5M44400A-L 


— 


GM71C4400ASL 


HM5 14400 ASL 


— 


— 


— 


- 


— 


GM71C4800 


HM5 14800 


TC514800A 


^PD424800 


MB8 14800 


M5M44800A 


— 


GM71C4800L 


HM514800L 


TC514800AL 


— 


— 


- 


— 


GM71C4260 


HM5 14260 


TC514260A 


^PD424260 


MB8 14260 


M5M44260A 


— 


GM71C4260L 


HM514260L 


TC514260AL 


- 


- 


- 


- 



DRAM MODULE 



GoldStar 


Hitachi 


Toshiba 


NEC 


Fujitsu 


Mitsubishi 


TI 


GMM78256S 


HB56D25608 


THM82500AS 


MC-41256A8 


MB85214 


MH25608J/JA 


TM4256FL8 


GMM79256NS 


HB56D25609 


THM925000AS 


MC-41256A9 


MB85227 


MH25609J/JA 


TM4256GU9 


GMM781000S 


HB56A18 


THM81000AS 


MC-421000A8 


MB85230 


MH1M08A0J/JA 


— 


GMM791000S 


HB56A19 


THM91000AS 


MC-421000A9A 


MB85235 


MH1M09B0J 


TM024GAD9 


GMM791000NS 


- 


THM91070S 


- 


- 


- 


— 


GMM784000S 


HB56A48 


THM84000ASG 


MC-42400A8A 


MB85285 


MH4M08A0DJ 


— 


GMM794000S 


HB56A49 


THM94000ASG 


MC-42400A9A 


MB85295 


MH4M09A0DJ 


— 


GMM7321000SG 


HB56D132R 


THM321000ASG 


MC-421000A32 


- 


HM1M32DJ 


- 


GMM7361000SG 


HB56D136 


THM361040ASG 


MC-421000A36 


- 


MH1M36DJ 


- 


GMM7322000SG 


HB56D232 


THM322020ASG 


MC-422000A32 


- 


HM2M32EJ 


- 


GMM7362000SG 


HB56D236 


THM362040ASG 


MC-422000A36 


- 


HM2M36CJ 


- 


GMM7401000SG 


HB56A140 


THM401000ASG 


- 


- 


- 


- 


GMM7402000SG 


HB56A240 


THM402020ASG 


- 


- 


- 


- 
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CROSS REFERENCE GUIDE 



MULTIPORT VIDEO RAM 



GoldStar 


Hitachi 


NEC 


Fujitsu 


Mitsubishi 


TI 


Vitelic 


GM53C261 


HM53461* 


/iPD41264* 


MB81461* 


M5M4C264 


TMS4461* 


V53C261 



(NOTE] *: Not fully compatible 



STATIC RAM 



GoldStar 


Hitachi 


Toshiba 


NEC 


Fujitsu 


Mitsubishi 


Sony 


GM76C28A 


HM6116/L 


TC5517 


iiiPD446 


MB8416 


M5M5117 


CXK5816 


GM76C88AL 


HM6264AL 


TC5565A/L 


^PD4364L 


MB8464L 


M5M5165 


CXK5864B 


GM76C256AL/ALL 


HM62256/L/AL 


TC55257A/AL 


/xPD43256A 


MB84256A/AL 


M5M5255B 


CXK58257 


GM76C8128/L/LL 


HM628128L 


TC55100/L 


/xPD431000 


MB841000AL 


M5M51998 


TM562828 



MASK ROM 



GoldStar 


Hitachi 


Toshiba 


NEC 


Fujitsu 


Mitsubishi 


Sharp 


GM231000 


HN62321 


TC531000 


/xPD23C1000 


MB831000 


M5M23C100 


LH531000A 


GM23C4000 


HN623x4 


TC534000 


/*PD23C4001E 


MB834100 


M5M23C401 


LH534300 


GM23C4100 


HN624x4 


- 


/xPD23C4000 


MB834200 


M5M23C400 


LH534000 


GM23C1000 


HN62321P 


TC531000CP 


)LiPD23C1000AC 


MB831000 


M5M23C1000 


LH231000BD 


GM23C8100 


HN62418P 


TC538200P 


/*PD23C8000 


MB838200 


M5M23800P 


LH538000D 
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STANDARD TERMINOLOGY 



A. TERMS AND DEFINITIONS 
VOLTAGES 

Vih High-level input voltage 

An input voltage level within the more positive (less negative) of the two ranges of values used to represent 
the binary variables. A minimum value is specified which is the least-positive (most-negative) value of 
high-level input voltage for which operation of the logic element within specification limits is guaranteed. 

Vil Low-level input voltage 

An input voltage level with the less positive (more negative) of the two ranges of values used to represent 
the binary variables. A maximum value is specified which is the most-positive (least-negative value of 
low-level input voltage for which operation of the logic element within specification limits is guaranteed. 

Voh High-level output voltage 

The voltage at an output terminal for a specified output current Ioh with input conditions applied that 
according to the product specification will establish a high level at the output. 

Vol Low-level output voltage 

The voltage at an output terminal for a specified output current Iol with input conditions applied that 
according to the product specification will establish a low level at the output. 

Vdd Vcc, Vpp Supply Voltage 

The voltages supplied to the corresponding voltage pins that are required for the device to the function. 

CURRENT 

Iih High-level input current 

The current flowing into* an input when a specified high-level voltage is applied to that input. 

Iil Low-level input current 

The current flowing into* an input when a specified low-level voltage is applied to that input. 

Ioh High-level output current 

- The current flowing* the output with a specified high-level output voltage Voh applied. 

Iol Low-level output current 

The current flowing *the output with a specified low-level output voltage Vol applied. 

*Note: The current flowing out of a terminal is a negative value. 

Io(off) Off-state output current 

The current flowing into* an output with a specified output voltage applied and input conditions ap- 
plied that according to the product specification will cause the output switching element to be in the 
off state. 

*Note: This parameter is usually specified for open-collector outputs intended to drive devices other than 
logic circuits or for three-state outputs. 

Ios Short-circuit output current 

The current flowing into* an output when that output is short-circuited to ground (or other specified 
potential) with input conditions applied to establish the output logic level farthest from ground potential 
(or dther specified potential). 

Ice, Idd Supply Current 

The current into, respectively, the Vdd , Vcc supply terminal. 

20 



STANDARD TERMINOLOGY 



DYNAMIC CHARACTERISTICS 

tA Access Time 

The time interval between the application of a specific input pulse and the availability of valid signals 

at an output. 

(Example) 

tACC • Address access time 

tACS ' Chip select access time 

toE : Output enable access time 

tRc Cycle Time 

The time interval between the start and end of a cycle. 

(Example) 

tRc : Read cycle time 

twc • Write cycle time 

tsu Setup Time 

The time interval for which a signal is applied and maintained at a specified intput terminal before an 

active transition occurs at another specified input terminal. 

(Example) 

tAS ' Address set-up time 

tDW : Input data set-up time 

tASW : Write address set-up time 

tHOLD Hold Time 

The time interval for which a signal or pulse is retained at a specified input terminal after an active 

transition occurs at another specified input terminal. 

(Example) 

tRAH : Row address hold time 

tDH : Input data hold time 

tROH : Output data hold time from RAS 

tw Pulse Duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pules 

waveform. 

(Example) 

twp ' Write pulse duration 

tsp : Chip select pulse width 

tREF Refresh time interval 

The time interval between the beginings of successive signals that are intended to restore the level in 

a dynamic memory cell to its original level. 

The refresh time interval is the actual time interval between two refresh operations and is determined 

by the system in which the digital circuit operates. A maximum value is specified that is the longest 

interval for which correct operation of the digital is guaranteed. 

(Example) 

tREF : Refresh time interval 
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STANDARD TERMINOLOGY 



Transition times (also called rise and fall times) 

The time interval between two reference points (10% and 90% unless otherwise specified) on the same wave- 
form that is changing from the defined low level to the defined high level (rise time) or from the defined high 
level to the defined low level (fall time). 

Valid time 

(a) General 

The time interval during which a signal is (or should be) valid. 

(b) Output data-valid time 

The time interval in which output data contines to be valid following a change of input conditions that could 
cause the output data to change at the end of the interval. 

Enable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with the 
three-state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 

Note : For memories these intervals are often classified as access times. 

Disable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, which 
the three-state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 



i. WAVEFORMS 






Symbol 


Input 

MUST BE 


Output 




WILL BE 




VALID 
CHANGE 


VALID 






>NN^\NNNV 


WILL CHANGE 


^x^\ 


FROM H TO L 
CHANGE 


FROM H TO L 






///////// 


WILL CHANGE 


////////// 


FROM L TO H 
DON'T CARE- 


FROM L TO H 


W$M 


ANY CHANGE 


CHANGING: 


aaaaaaaaaX 


PERMITTED 

N/A 


STATE UNKNOWN 




> — 


HIGH 
IMPEDANCE 
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ORDERING INFORMATION 



GOLDSTAR MEMORY 
ORDERING INFORMATION 



I (COMPONENT) 



GMXXXXXXXXXXX-XX/X 



PREFIX OF * 
GOLDSTAR 
MEMORY IC 



FAMILY 



71: DRAM 
76: SRAM 
53: VIDEO RAM 
23: MASK ROM 



PROCESS - 

C: CMOS 
N: NMOS 



DENSITY - 



REVISION NO.- 



BLANK 

A 

B 



ORIGINAL 

FIRST 

SECOND 



^TEMPERATURE RANGE 



(OPTION) 



BLANK: 

M 

I 



COMMERCIAL 

MILITARY 

INDUSTRIAL 



-»> SPEED (ns) 

60: 60 
70: 70 
80: 80 
85: 85 
10:100 
12:120 
15:150 
20:200 
25:250 



PACKAGE TYPE 


BLANK 

D 

FW 

PL 

SJ 

J 
Z 

Q 

T 
R 


PLASTIC DIP 

CERDIP 

SOP 

PLCC (256K DRAM) 

SOJ (IM DRAM) 

SOJ (4M DRAM) 

ZIP 

QFP 

TSOP (NORMAL) 

TSOP (REVERSE) 


POWER 


BLANK 
L 

LL 
SL 


: STANDARD 

: LOW-POWER 

: VERY LOW-POWER (SRAM) 

: SUPER LOW-POWER (DRAM) 
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ORDERING INFORMATION 



GOLDSTAR MEMORY 

ORDERING INFORMATION - II (MODULE) 



GMMXXXXXXXXXX-XX 



PREFIX OF-«- 
GOLDSTAR 
MEMORY MODULE 



FAMILY ^ 

7: DRAM 
5: SRAM 



ORGANIZATION-*- 



8: 


x 8 bits 


9: 


x 9 bits 


16: 


x 16 bits 


32: 


x 32 bits 


36: 


x36 bits 


40: 


x40 bits 



DENSITY- 



SPEED (ns) 

60: 60 
70: 70 
80: 80 
10:100 



--► REVISION NO. 



BLANK 

A 

B 

S 



ORIGINAL 
FIRST 
SECOND 
SINGLE SIDE 



TERMINAL TYPE 



S 

SG 

L 



SOCKET TYPE (SOLDER PLATIN 
SOCKET TYPE (GOLD PLATING] 
LEAD TYPE 



256 : 256K 
512 : 512K 
1000: 1M 
2000: 2M 
4000: 4M 
8000: 8M 



COMPONENT 

BLANK: ORIGINAL CHIP 
N : OTHER CHIP 
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PACKAGE GUIDE 



PACKAGE SERIES FOR MOS MEMORY 



Type 


ORG 


DIP 


soj 


ZIP 


SOP 


QFP 


TSOP 


DRAM 


256Kxl 

64Kx4 

lMxl 

256Kx4 

4Mxl 

1Mx4 

512Kx8 

256Kxl6 


300MIL/16PIN 
300MIL/18PIN 
300MIL/18PIN 
300MIL/20PIN 


300MIL/20PIN 
300MIL/20PIN 
300MIL/20PIN 
300MIL/20PIN 
400MIL/28PIN 
400MIL/40PIN 


400MIL/20PIN 
400MIL/20PIN 
400MIL/20PIN 
400MIL/20PIN 






TYPE II 
TYPE II 
TYPE II 
TYPE II 


V-RAM 


64Kx4 






400MIL/24PIN 








SRAM 


2Kx8 
8Kx8 
32Kx8 
128Kx8 


600MIL/24PIN 
600MIL/28PIN 
600MIL/28PIN 
600MIL/32PIN 






330MIL/24PIN 
330MIL/28PIN 
330MIL/28PIN 
525MIL/32PIN 






MASK 
ROM 


128Kx8 
512Kx8 
512Kx8/ 
256Kxl6 


600MIL/28PIN 
600MIL/32PIN 
600MIL/40PIN 








44PIN 





"Note: PACKAGE NAME 



DIP 

SOJ 

ZIP 

SOP 

QFP 

TSOP 



DUAL IN-LINE PACKAGE 
SMALL OUTLINE J-LEADED PACKAGE 
ZIG ZAG IN-LINE PACKAGE 
SMALL OUTLINE PACKAGE 
QUADRATIC FLAT PACKAGE 
THIN SMALL OUTLINE PACKAGE 
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iPrtftoittJcnoisF 




DRAM DATA SHEET 




DRAM MODULE DATA SHEET 



MULTIPORT VIDEO RAM DATA SHEET 




SRAM DATA SHEET 



MASK ROM DATA SHEET 



DISTRIBUTORS 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM71C256A 

262,144 WORDS xl BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C256A is the new generation dynamic 
RAM organized 262, 144 x 1 Bit. GM71C256A has 
realized higher density, higher performance and 
various functions by utilizing advanced CMOS 
process technology. The GM71C256A offers Fast 
Page Mode as a high speed access mode. Mul- 
tiplexed address inputs permit the GM71C256A 
to be packaged in a standard 16 pin DIP. The 
package size provides high system bit densities 
and is compatible with widely available automat- 
ed testing and insertion equipment. System orient- 
ed features include single power supply of 5V ± 
10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky 
TTL. 



Pin( 


Configuration 


16 DIP 




A8 1 


^J 


Te] v ss 


D, N [2_ 




15] CAS 


Wl[3~ 




14 D OUT 


RAS|T 




^A6 


Ap|V 




JI2] A3 


A2[T 




ri~|A4 


Al[7 




K)]A5 


VccJA 




T]a7 



Features 

• 262,144x1 Bit Organization 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time 



(Unif.ns) 





tRAC 


tcAC 


tRC 


tpc 


GM71C256A-70 


70 


15 


130 


50 


GM71C256A-80 


80 


20 


145 


55 


GM71C256A-10 


100 


25 


175 


60 



• Low Power 

Active: 385/330/275 mW (MAX) 
Standby: 16.5 mW (CMOS level: MAX) 

• RAS Only Refresh, GftS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and output TTL Compatible 

• 256 Refresh Cycles/4 ms 
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GoldStar 



GM71C256A 



Pin Description 



Pin 


Function 


Pin 


Function 


A0-A8 


Address Inputs 


Din 


Data Input 


RAS 


Row Address Strobe 


Dout 


Data Output 


CAS 


Column Address Strobe 


Vcc 


Power ( + 5V) 


WE 


Write Enable 


Vss 


Ground 



Ordering Information 



Type No. 


Access Time 


Package 


GM71C256A-70 
GM71C256A-80 
GM71C256A-10 


70ns 

80ns 

100ns 


300 Mil 
16 Pin 
Plastic DIP 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TSTG 


Storage Temperature (Plastic) 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

Recommended Operating Conditions 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 
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GM71C256A 



DC Electrical Characteristics: (Vcc=5V±10%, Ta = 0- 


~70°C) 










Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc-tRc min) 


70ns 


- 


70 


mA 


1,2 


80ns 


- 


60 


100ns 


- 


50 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih, DouT = High-Z) 


- 


3.5 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling, CAS^Vih, t R c = t R c min) 


70ns 


- 


70 


mA 


2 


80ns 


- 


60 


100ns 


- 


50 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tpc min) 


70ns 


- 


45 


mA 


1,3 


80ns 


- 


40 


100ns 


- 


35 


ICC5 


Standby Current (CMOS) 

Power Supply Standby Current 

(RAS, CAS = V C c- 0.2V, D OU T = High-Z) 


- 


3 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


70ns 


- 


70 


mA 




80ns 


- 


60 


100ns 


- 


50 


ICC7 


Standby Current RAS = Vm 
CAS = Vil 
Dout = Enable 


- 


4 


mA 


1 


Il(L) 


Input Leakage Current 
Any Input ( 0V<Vin<6.5V) 


-10 


10 


fiA 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<Vqut<6.5 V) 


-10 


10 


JJ.A 





Note 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS=Vm 

Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address, Di N ) 


- 


4 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


5 


pF 


l 


Co 


Data Capacitance (Dqut) 


- 


6 


pF 


1,2 



Note 1. Capa citance is sampled and not 100% tested. 
2. CAS = Vm to disable Dout. 
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GM71C256A 



AC Characteristics (Vcc=5V±10%, Ta=0~70°C, Note 1,14) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Mill 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


130 


— 


145 


— 


175 


- 


ns 




tRP 


RAS Precharge Time 


50 


- 


55 


— 


65 


— 


ns 




tRAS 


RAS Pulse Width 


70 


75,000 


80 


75,000 


100 


75,000 


ns 




tCAS(R) 


CAS Pulse Width 
in Read Cycle 


15 


75,000 


20 


75,000 


25 


75,000 


ns 




tCAS(W) 


CAS Pulse Width 
in Write Cycle 


20 


- 


25 


- 


30 


— 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





- 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


- 


20 


- 


ns 




tRCD 


RAS to CAS Delay Time 


25 


55 


25 


60 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


20 


35 


20 


40 


20 


55 


ns 


9 


tRSH(R) 


RAS Hold Time 
(Read Cycle) 


15 


— 


20 


- 


25 


- 


ns 




tRSH(W) 


RAS Hold Time 
(Write Cycle) 


25 


— 


25 


— 


30 


- 


ns 




tAR 


Column Address Hold 
Time from RAS 


55 


— 


60 


- 


70 


- 


ns 




tcSH 


CAS Hold Time 


70 


- 


80 


- 


100 


— 


ns 




tCRP 


CAS to RAS Precharge 
Time 


15 


— 


15 


- 


15 


- 


ns 




tr 


Transition Time 
(Rise and Fall) 


3 


25 


3 


25 


3 


25 


ns 


7 


tREF 


Refresh Period 


- 


4 


- 


4 


- 


4 


ms 
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GM71C256A 



Read Cycle 


Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


15 


- 


20 


— 


25 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


35 


— 


40 


- 


45 


ns 


3,5 


tRCS 


Read Command Set-up 
Time 





— 





— 





— 


ns 




tRCH 


Read Command Hold Time 
to CAS 


5 


— 


5 


— 


5 


— 


ns 




tRRH 


Read Command Hold Time 
to RAS 


5 


- 


5 


- 


5 


- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


35 


— 


40 


— 


45 


- 


ns 




tOFF 


Output Buffer Turn-off 
Delay Time 





15 





20 





25 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





— 





— 





— 


ns 


10 


twCH 


Write Command Hold 
Time 


15 


— 


15 


— 


20 


— 


ns 




twCR 


Write Command Hold 
Time from RAS 


55 


— 


60 


— 


70 


— 


ns 




twp 


Write Command Pulse 
Width 


15 


— 


15 


— 


20 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


20 


- 


25 


- 


30 


- 


ns 




tcWL 


Write Command to CAS 
Lead Time 


20 


- 


25 


— 


30 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


tDHR 


Data-in Hold Time 
Referenced to RAS 


55 




60 


— 


70 


— 


ns 
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Read-Modify- Write Cycle 


Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Write Cycle Time 


155 


- 


175 


- 


210 


— 


ns 




tRRW 


Read-Modify- Write Cycle 
RAS Pulse Width 


95 


- 


110 


- 


135 


- 


ns 




tRWD 


RAS to WE Delay Time 


70 


— 


80 


— 


100 


— 


ns 


10 


tcWD 


CAS to WE Delay Time 


15 


- 


20 


- 


25 


— 


ns 


10 


tAWD 


Column Address to WE 
Delay Time 


35 


— 


40 


- 


45 


- 


ns 


10 


Refresh Cycle 


Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


J Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


— 


10 


— 


10 


— 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


20 


— 


25 


— 


30 


— 


ns 




tRPC 


RAS Precharge to CAS Hold Time 





- 





- 





- 


ns 




Fast Page Mode Cycle 


Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle 
Time 


50 


- 


55 


- 


60 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


15 


- 


15 


- 


20 


- 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


— 


75,000 


- 


75,000 


— 


75,000 


ns 


12 


tACP 


Access Time from CAS Precharge 


- 


45 


- 


50 


- 


55 


ns 


13 


Fast Page Mode Read-Modify- Write 


Cycle 










Symbol 


Parameter 


GM71C256A-70 


GM71C256A-80 


GM71C256A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


75 


— 


85 


— 


95 


— 


ns 
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Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD<tRCD(max) and tRAD^tRAD(max). If tRCD or tRAD is greater than the maximum 
recommended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD ^ tRCD(max) and tRAD ^ tRAD(max). 

5. Assumes that tRCD ^ tRCD(max) and tRAD ^ tRAD(max). 

6. toFF(niax) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViHJmin) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by tAA- 

10. twos* tcwD and tRWDr tAWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only : if twcs > twcs(min), the cycle is an early write cycle and the data out 
pin will remain open circuitjhigh impedance) throughout the entire cycle : if tRWD > tRWD(min), tcwD > 
tcwD(min) and tAWD ^ tAWD(min), the cycle is a read-write and the data output will contain data read from 
the selected cell : if neither of the above sets of conditions is satisfied, the condition of the data outjat access 
time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or Read-modify- Write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 200 fis is required after power up foll owed by a minimum of eight initialization cycles 
(any combination of cycles co ntain ing RA S clo ck such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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TIMING WAVEFORMS 



RAS 



"i- 



tT~^ 



CAS 



ADDRESS 



WE 



Dout 



tASR 



tRC 



tRAS 



tcSH 



tRCD 



*RAD~ 



tASC. 



ROW 



A. 



tRAH 



tRSH 



tCAS 



\ / 



tRAL 



tCAH 



COLUMN 



tAR 



tRCS 



tRAC 



tCLZ -* 



tCAC 



tAA 




J- 



tRP 



-L X 



tCRP 




.tRRH, 



tRCH 




tQFF 



VALID OUTPUT 



\ 



Don't Care 



FIGURE 1. READ CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Din 



\ 



tASR 



tRC 



tRAS 



tCSH 



tRCD 



*RAD 



"*~tRAH 



ROW 



tASC 



tRSH 



tCAS 



K_ 



tRWL 



tCWL 



tCAH 



COLUMN 



"K- 



tAR 




twcs 



/ 



.C 



t\A/P 



t\A/CR 



tDS . 



tDHR 



tRP 



n 



tCRP 



tDH 



VALID INPUT 





DOUT 



FIGURE 2. EARLY WRITE CYCLE 



m 



Don't Care 
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RAS S 



tT-** 



CAS 



ADDRESS 



tASR- 



WE 



Din 



Dout 



tRWC 



tRAS 



r\ 



tRCD 



tAR 



tRAD 



■tRAH 



ROW 



■y 



tASC" 




tRCS 



tRSH 



tCAS 



tCAH 



COLUMN 



tcWD 



tcWL 



tRWL 



tRAL 



/ 



tRP 



tCRP 



tAWD 



tRWD 



tRAC 



OPEN 



tCLZ -*" 



tDS 



\ 



tWP 



tDH 



VALID INPUT 




tCAC 



tAA 




tOFF 



VALID OUTPUT 



"V 



J 



Don't Care 



FIGURE 3. READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Dout 



\ 



tASR 



tRASC 



/ 



tCSH 



tRCD 



"**" tRAH — * 



ROW 



tRAD 



tAR 



tRCS 



tCAS 

-< *■ 



-tASC 
tCAH 



COLUMN 



tRAC 



tCLZ— *■ 



tpc 



tCP 



tASC 



tRCH-* 



tCAC , 



tAA 




tRCS 



tCAS 



iJO/A 



tCAH 



COLUM 




w 



tQFF. 



VALID 
OUTPUT, 



tRCH 



tCP 



tASC 

n 



tCAC 



tAA- 
tACP 



> 



Hst 



tRSH 



tRAL 



tRP 



tCRP 



tCAS- 



COLUMN 



tRCSH 



W 



tQFF 



VALID 
OUTPUT- 



"tCLZ 



tCAH 



/ 




tRRH 



tCAC 



-tAA- 



tACP- 



*-tRCH 



tQFF 



VALID 
OUTPUT 






-tCLZ 



Don't Care 



FIGURE 4. FAST PAGE MODE READ CYCLE 



39 



GM71C256A 



RAS 



A 



CAS 



ADDRESS 



tASR 



"<L 



tCSH 



tRCD 



tAR 



tRAH 



ROW 



tASC 




WE 



Din 



Dout 



tRAD 



tCAH 

^ — ►« 



"Y 



COLUMN 



-twCR 



twcs 





tDS 



\jTX^ 



tCAS 



tRASC 



J' 



r^ 



tpc 



tcp 




tASC 
-« — »» 



tCAS 



/ 



tcp 



tCAH 



COLUMN 



TL 



tWCH 



twcs 




VALID INPUT 



tDHR 



-^■tDH 



tDS 




\J 



tASC 
«* — »- 



tRSH 



tCAS 

« »» 



-tRAL- 



tCAH 



tRP 

<+ »- 



tCRP 



\. 



COLUMN 



twcs- 



twCH 



tDH 



VALID INPUT 



OPEN 




tWCH 




2i 



tDH 



VALID INPUT 



Don't- Care 



FIGURE FAST PAGE MODE WRITE CYCLE 
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RAS 



\ 



t-r-*- 



CAS 



ADDRESS 



WE 



tASR 



tRASC 



tCSH 



tRCD 



V^^IJ 



tRAH 



tASC- 



^CEj®^ 



Din 



Dout 



tCAS 



tCAH 



tRWD 



tRCS 



tCP 

«* >■ 



tPCM , , tRWL 

tCP 



tASC 




tAWD 



tcWD 



tRAC 



\ 



tCWL 

twp 



tDH 



^tDS 



VALID 
INPUT- 



tCAC 



tAA 



/ 



tCAS 



tCAH 



COLUMN 



tCWL 



tASC- 




tcWD 



tAWD 



tRCS 




VALID 



t 



tOFF 



twp 




tDH 
tDS 



VALID 
-INPUT. 



tRP 



r\ 



tCAS 



tCAH 



COLUMN 



tAWD, 



tcWD 



tRCS 



tCAC . 



tAA 



tACP 




r VALIDT_ 
DUTPUJL 



"*"tcLZ tOFF 

-IP 



\ 



tCRP 



tCWL 



tWP 




VALID 
■ INPUT, 




tAA 



tACP 




tCLZ 



tOFF 



"VALID^r 
DUTPUTZT 



"tCLZ 



Don't Care 



FIGURE FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



\ / \ 



tCRP 



tRC 



tRAS 



tRP 



tRPC 



tCRP 



tRAH 



-tASR 



ROW 




Dqut 



FIGURE 7. RAS-ONLY-REFRESH CYCLE 



RAS 



J 



tRP 



tRPC 



tCP" 



CAS 



tQFF 



«« * 



ZZi 



\ 



*-tcSR 



M — ■ »• 



Dout 



> 



tRC 



tRAS 



. tRP 



tCHR 



nzi 



Don't Care 



FIGURE 8. CAS BEFORE RAS REFRESH CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Dqut 



tRC 



\ f \ r 

tRCD tRSH tcHR tCRP 



tCRP 



tASR 
tRAH 



tRAS 



tRAD 



ROW 



\ 



tRSH 

«« » 



-tASC 



COLUMN 



X 



<AR 



tRCS 



tRP 



tRAS 



tRP 



-C 



v 



tCAH 



tRRH 



tAA 



tCAC 



tRAC 



tCLZ 



tOFF 



VALID OUTPUT 



> 



FIGURE 9. HIDDEN REFRESH CYCLE (READ) 
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RAS 



CAS 



ADDRESS 



WE 



Din 



\ /\ f 



tCRP- 



/ 



tRC 



tASR' 



tRAS 



tRCD 



tRAD 



ROW 



tASC-* 
"**tRAH 




twcs^ 



^ 



tRP 



tRC 



tRSH 



tCAH 

«« ► 



COLUMN 



tAR 



tDHR 



tDS* 



tWCH 



tyy/P 



VALID INPUT 



tDH 



tRAS 



tRP 



tCHR 



tCRP 



/ \_ 



DOUT 



OPEN 



FIGURE 10. HIDDEN REFRESH CYCLE (WRITE) 
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RAS 



CAS 



ADDRESS 



WE 



Dout 



\ 



\ 



tCSR 



/ \ 



tCHR 



tCPT 



/ 




tws 



tWH 




\ 



tRSH 



tCAS 



tRAL 



tCAH 



tRP 



tCRP 



/ 



COLUMN 



tRCS 




tRRH 



tCLZ 



tCAC 



-tAA~ 




tRCH 



tOFF 




VALID OUTPUT 



y- 



Don't Care 



FIGURE 11. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (READ) 
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RAS 



CAS 



I 



X 



tcSR 



/ 



J 



tCHR 



ADDRESS 



WE 



Din 



tCPT 



r~\ 



tASC 




tRSH 



tCAS 



tCAH 



tRP 



tCRP 



COLUMN 



twcs 





tDS 



tCWL 



tWCH 



- tRWL~ 



tDH 



VALID INPUT 



"V 



\ 



/ 






Dout 



OPEN 



Don't Care 



FIGURE 12. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (WRITE) 
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Package Dimensions 



16 DIP 



Unit: inches (mm) 




toooowil: 



0.100(2.54) — 
BSC 



0.008(0.20)MIN 



0.200(5.08)MAX 



0.100(2.54)MIN 



0.035(0.95)MIN 



0.055(1 .65)MAX 



0.015(0.35)MIN 
0.023(0.58)MAX 



0-15° 



0.008(0.2)MIN / 
0.014(0.36)MAX 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM71C464A 

65,536 WORDS x 4 BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C464A is the new generation dynamic 
RAM organized 65,536x4 Bit. GM71C464A has 
realized higher density, higher performance and 
various functions by utilizing advanced CMOS 
process technology. The GM71C464A offers Fast 
Page Mode as a high speed access mode. Mul- 
tiplexed address inputs permit the GM71C464A 
to be packaged in a standard 18 pin DIP. The 
package size provides high system bit densities 
and is compatible with widely available automat- 
ed testing and insertion equipment. System orient- 
ed features include single power supply of 5V ± 
10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky 
TTL. 



Pin Configuration 


18 DIP 






6e[T 




W 


J8Jv ss 


l/Ol[2~ 






t7~| I/04 


l/02[T 






16] CAS 


WE[4~ 






j5] 1/03 


RAS^ 






j4] AO 


A6|~6~ 






j3J A1 


A5 7 






12 1 A2 


A4 8 






TTj A3 


Vcc[7 






JI0]a7 



Features 

•65,536x4 Bit Organization 

•Fast Page Mode Capability 

•Single Power Supply 

•Fast Access Time & Cycle Time (Unit: ns) 





tRAC 


tcAC 


tRC 


tpc 


GM71C464A-70 


70 


25 


130 


50 


GM71C464A-80 


SO 


30 


145 


55 


GM71C464A-10 


100 


35 


175 


65 



• Low Power 

Active: 385/330/247 mW (MAX) 
Standby: 16.5 mW (CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 256 Refresh Cycles/4 ms 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A7 


Address Inputs 


OE 


Output Enable e 


RAS 


Row Address Strobe 


I/01-I/04 


Data Input, Output 


CAS 


Column Address Strobe 


Vcc 


Power ( + 5V) 


WE 


Write Enable 


Vss 


Ground 



Ordering Information 



Type No. 


Access Time 


Package 


GM71C464A-70 
GM71C464A-80 
GM71C464A-10 


70ns 

80ns 

100ns 


300 Mil 
18 Pin 
Plastic DIP 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (Plastic) 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 
Recommended Operating Conditions (Ta = - 70 °C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iqut = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t R c = t R c min) 


70ns 


- 


80 


mA 


1,2 


80ns 


- 


70 


100ns 


- 


65 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih) 


- 


3.5 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling, CAS = Vi H , t RC = tR C min) 


70ns 


- 


75 


mA 


2 


80ns 


- 


65 


100ns 


- 


55 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vi L , CAS Cycling: t P c = t P c min) 


70ns 


- 


45 


mA 


1,3 


80ns 


- 


45 


100ns 


- 


35 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = V C c- 0.2V) 


- 


3 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


70ns 


- 


70 


mA 




80ns 


- 


65 


100ns 


- 


55 


ICC7 


Standby Current RAS = Vm 
CAS = Vil 
Dout = Enable 


- 


4 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input ( 0V<Vi N <6.5V) 

All Other Pins Not Under Test = 0V 


-10 


10 


jLtA 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<V O ut<6.5V) 


-10 


10 


/LlA 





Note 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS = Vih 

Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


4 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


5 


pF 


1 


Ci/o 


Data Input/Data Output (Data-In/Out) 


- 


6 


pF 


1,2 


Note 1. Capacitance is sampled and not 100% tested. 
2. CAS = Vm to disable Dqut- 
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AC Characteristics (Vcc = 5V±10%, Ta=0~70°C, Note 1,14) 

Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


130 


— 


145 


— 


175 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


55 


- 


65 


- 


ns 




tRAS 


RAS Pulse Width 


70 


75,000 


80 


75,000 


100 


75,000 


ns 




tCAS 


CAS Pulse Width 


25 


75,000 


30 


75,000 


35 


75,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


20 


- 


ns 




tRCD 


RAS to CAS Delay Time 


25 


45 


25 


50 


25 


65 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


20 


35 


20 


40 


20 


55 


ns 


9 


tROH 


RAS Hold Time Referenced 
to OE 





— 





— 





— 


ns 




tRSH 


RAS Hold Time 


25 


- 


30 


- 


35 


- 


ns 




tcSH 


CAS Hold Time 


70 


- 


80 


- 


100 


- 


ns 




tCRP 


CAS to RAS Precharge Time 


15 


- 


15 


- 


15 


- 


ns 




tODD 


OE to Din Delay Time 


20 


- 


25 


- 


30 


- 


ns 




tDZO 


OE Delay Time from Din 





- 





- 





- 


ns 




tDZC 


CAS Delay Time from Din 





- 





- 





- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


25 


3 


25 


3 


25 


ns 


7 


tAR 


Column Address Hold Time 
from RAS 


55 


— 


60 


— 


70 


— 


ns 




tREF 


Refresh Period 


4 


- 


4 


- 


4 


- 


ms 
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Read Cycle 



Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


70 


- 


80 


— 


100 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


25 


- 


30 


— 


35 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


35 


- 


40 


- 


45 


ns 


3,5 


tOAC 


Access Time from OE 


- 


15 


- 


20 


- 


25 


ns 




tRCS 


Read Command Set-up 
Time 





— 





— 





- 


ns 




tRCH 


Read Command Hold Time 
CAS 


5 


- 


5 


- 


5 


- 


ns 




tRRH 


Read Command Hold Time 
to RAS 


5 


— 


5 


— 


5 


- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


35 


— 


40 


- 


45 


- 


ns 




tOFFl 


Output Buffer Turn-off 
Delay Time 





15- 





15 





15 


ns 


6 


tOFF2 


Output Buffer Turn-off to 
Delay Time from OE 





15 





20 





25 


ns 




tCDD 


CAS to Din Delay Time 


20 


- 


20 


- 


25 


— 


ns 




tCLZ 


CAS to Low-Z Output 





- 





- 





- 


ns 





Write Cycle 



Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





— 





— 





— 


ns 


10 


twCH 


Write Command Hold 
Time 


15 


— 


15 


— 


20 


— 


ns 




twCR 


Write Command Hold 
Time from RAS 


55 


— 


60 


— 


70 


— 


Ns 




twp 


Write Command Pulse 
Width 


15 


— 


15 


— 


20 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


25 


— 


30 


— 


35 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


25 


— 


30 


— 


35 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


tDHR 


Data in Hold Time 
Referenced to RAS 


55 


— 


60 


— 


70 


— 


ns 
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Read-Modify- Write Cycle 


Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read- Write Cycle Time 


195 


- 


225 


- 


265 


- 


ns 




tRRW 


RAS Pulse Width 


125 


- 


145 


- 


175 


- 


na 




tCRW 


CAS Pulse Width 


80 


- 


95 


- 


110 


- 


ns 




tRWD 


RAS to WE Delay Time 


95 


- 


110 


- 


135 


- 


ns 


10 


tcWD 


CAS to WE Delay Time 


50 


- 


55 


- 


60 


- 


ns 


10 


tAWD 


Column Address to WE Delay 
Time 


60 


— 


70 


— 


80 


- 


ns 


10 


tOEH 


OE Hold Time from WE 


15 


- 


20 


— 


25 


— 


ns 




Refresh Cycle 


Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


— 


10 


— 


10 


— 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


20 


— 


25 


— 


30 


— 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 





- 





— 





— 


ns 




Fast Page Mode Cycle 


Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


50 


- 


55 


- 


65 


- 


ns 




tcp 


Fast Page Mode CAS Recharge 
Time 


15 


— 


15 


— 


20 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


— 


75,000 


— 


75,000 


— 


75,000 


ns 


12 


tACP 


Access Time from CAS Precharge 


- 


45 


- 


50 


- 


55 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


45 


— 


50 


— 


50 


— 


ns 




Fast Page Mode Read-Modify-Writ< 


e Cycle 










Symbol 


Parameter 


GM71C464A-70 


GM71C464A-80 


GM71C464A-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


80 


— 


90 


— 


100 


— 


ns 
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Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD <> tRCD(max) and tRAD < tRAD(max). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that ircd < tRCD(max) and tRAD > tRAD(max). 

6. toFFi (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met. tRCD(niax) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by tAA. 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only : if twcs > twcs(min), the cycle is an early write cycle and the data out 
pin will remain open circuitjhigh impedance) throughout the entire cycle : if tRWD > tRWD(min), tcwD > 
tcwD(min) and tAWD > tAWDJmin), the cycle is a read-write and the data output will contain data read from 
the selected cell : if neither of the above sets of conditions is satisfied, the condition of the data out(at access 
time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or Read -Mod ify- Write cycles. 

12. tRASc defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 200 jus is required after power up followed by a minimum of eight initialization cycles 
(any combination of cycles containing RA S clo ck such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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TIMING WAVEFORMS 



RAS 



\ 



tCRP 



CAS 



tASR- 



ADDRESS 



tRC 



tRAS 



-tAR- 



tCSH 



tRCD 



tRAD 



ROW 



WE 



OE 



I/O 



■tRAH 



^ 



tRSH 



-tCAS - 



- tRAL- 



"*-tASC 



COLUMN 



tCAH 



tRAL 



tRCS 



_C 



tRP 



\ 



-tCRP 



tRRH 



-tAA- 



tRAC 



tRQH 



tOAC 



tCAC 



tCLZ 



^-tRCH 



A 



tOFF2 



VALID OUTPUT 



tOFFl 



? 



Don't Care 



FIGURE 1. READ CYCLE 
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RAS 



V 



tCRP- 



CAS 



_J 



tASR 



ADDRESS 



WE 



OE 



I/O 



tRC 



tRAS 



tAR 



-tRCD^. 



ROW 



tRAH 



-tRAD— *► 



^ 



-tCSH 



-^tASC 



COLUMN 



J" 



f 



J~ 



tRSH 



tCAS 



tRAL — 
"tCAH 



./ 



tRP 



~V 



tCRP 



1 S[I 




twp 



-tcWL 



twcs 



twCR 



-tWCH 



tRWL 



tDHR 



tDS-** 



tDH 



^ VALID INPUT ^- 




Don't Care 



FIGURE 2. EARLY WRITE CYCLE 
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RAS 



A 



tCRP- 



CAS 



tASR 



ADDRESS 



WE 



OE 



I/O 



tRC 



"<L. 



tRAS 



tAR 



tcSH 



tRCD 



tRAD 



ROW 



_7T 



tRAH 



\ 



tRSH 



tCAS- 



tRAL 



^tASC 



tODD" 



& 




tDS 



tCAH 



tRP 



f\ 



•tCRP 



£7 V 



tCWL 



tRWL 



twP 



tOEH 



tDH 



VALID INPUT 




Don't Care 



FIGURE 3. WRITE CYCLE (OE CONTROLLED WRITE) 
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RAS 



\ 



tCRP 



CAS 



tASR 



ADDRESS 



w 



\7'\ 



WE 



OE 



I/O 



tRWC 



tRAS 



tAR 



tRCD 



ROW 



tRAD 



tRAH 




rxj-sL 



^tASC 



COLUMN 



tCSH 



tRSH 



tCAS 



tCAH 



UWD 



tcWD 



-tRWD- 



tAA 



tOAC 



tCAC 



tRAC 



tCLZ 



"VJ 



-^ 

J tppp 



tOEH 



VALID 
OUTPUT 



yJ ^ VALID INPUT 




tRWL 



3 



s 



tRP 



tCRP 



tCWL 



twp 



.4 ». 



tDS 



tDH 



Don't Care 



FIGURE 4. READ-MODIFY-WRITE CYCLE 
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RAS 



\ 



CAS 



tASR* 



ADDRESS 



WE 




OE 



I/O 



tRAS 



tAR 



tRCD 



tCRP 



tCSH 



tRAH 
tASC — 



ROW 



tRCS 



/~a. 



.tpc_ 



tCAS 



tCP 



COLUMN 



tCAH 



/ 



tRSH 



\ 



^J 



tCAS 



tASC • "*- 



COLUMN 



**-tRCH 

"Hh — tRCS 



tAA 



-tRAC- 



tCAC 
tCLZ-* 



)L 



W 



[•♦ tOAC 



A 



H- tQFF2 



tCAH 




X 



-tACP — 
tOAC-*i 



U 



H h-toFFl 
tCAC - 



\i 



vj. 



tCAS 



-tRAL" 



tRP 

•4 »» 



7 



-*"tcAH 



COLUMN 



V 



tOAC--*- 



tQFF1 



-H ■♦-tc LZ H » tQFF2 
;(\/ VALID \ 7(X#VALID-^ >Q\/ 

■ v/^ ° UTPUT ; ^ * (y^ i 0UTPUT ; t 5 A/: - 



tRCS 



tAA- 



-*■ tCAC 



tCLZ 



&»C 



tCRP 



tRCH 



tRRH 



tQFF2 



VALID "C 
OUTPUT ( 



tQFF1 



BSSSi 



Don't Care 



FIGURE 5. FAST PAGE MODE READ CYCLE 
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RAS 



CAS 



W J CRP t RCD U 



ADDRESS 



tAR 



^ 



h-tRAH 
tASR 




RO^ 



tRAS 



tRP 



I 



tpc 



tCP 



tCAS 



-tCSH- 



tRAD 



WE 



OE 



tDHR 



twcs-*- 



tDS 



I/O 



COLUMN 



r\ 



tCAH 



tASC-*- 



tCWL 



-tWP- 



tCAS 



COLUMN 



twcs-* 



tWCH 





tDS 



tDH 



l s r 

J VALID "\ / 

Y INPUT A \ 



tCAH 



tCWL 



twp- 



tASC*" 



tRSH 



tCAS 



tRAL 



COLUMN 



twcs*» 



tWCH 



tDS 



VALID 
INPUT 



tDH 



} < 



tCAH 



<CWL 



tRWL 



twp-* 



tWCH 



.r 



tCRP 



mm: 




TL. 



VALID 
INPUT 



tDH 



i 



Effl 



Don't Care 



FIGURE 6. FAST PAGE MODE WRITE CYCLE 
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RAS 



ADDRESS 



WE 



OE 



I/O 



\ 



tRAS 



tRCD 



- tcSH - 



tRCS 



f 



tCAA- 



tpCM 



tCAS 



tCWD 



tAWD 



tOACu. 



-tRAC- 



tCAC 



tCLZ-» 



tODD-^ 




tRP 



tcp 



tCAS 




1^-tcWL 



tAWD 



'"tWP 



tAOP 
^ p, » 



in y 



tAA 

tCAC 
tDH 



tCLZ-*- 



u 



tODD-*- 



w 



tRSH 



tcAS *" n 



tCWL 



/ 



**-twp 

I. 

tOAC-*. 



"\ 



tAWD 



1 tCAC -« — *■ 



h tOFF2 . 



|-*-tDH 



tCLZ-*- 



PU" 



tCRP 



"tCWL 



/ 



■*-twp 



J- tODD 
tOFF2 
S^tDS 



"*^tDH 



Don't Care 



FIGURE FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



"\ 



tCRP- 



tASR- 



ADDRESS 



tRC 



tRAS 



H — tap — * 



,c 



ROW 



tRAH 



NOTE: WT, OT= Don't care 



FIGURE 8. RAS ONLY REFRESH CYCLE 



RAS 



CAS 



tRP 



tRPC 



tcp- 



tQFF2 <+■ 



<■ ». 



4 1 



tRC 



\ 



tRAS 



~^_ 



? 



tRP 



tCHR 



-tcSR 



iczzz 



I/O 



v 



NOTE: WE, OE, A0~ A7 = Don't care 



Don't Care 



FIGURE 9. CAS BEFORE RAS REFRESH CYCLE 
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RAS 



\ * t A R »| / S. JL S. 



CAS 



_r 



tASR-*- 



ADDRESS 



WE 



OE 



I/O 



tRC 



tRAS 



tRCD 



tCRP 



^ 



-*"tRAH 



A. 



¥ 




tRAD 
"*"tASC 



tRSH 



tCAH 



COLUMN 




K 



tRP 



tRC 



tRAS 



tRP 



tCHR 



tRRH 



tAA 



tCAC 



tCLZ 



tRAC 



tOAC 



/ 



tCRP 



tOFF1 



tQFF2 



VALID OUTPUT 



Jr 



"V 



ra 



FIGURE 10. HIDDEN REFRESH CYCLE (READ) 
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RAS 



\ / \ 



CAS 



ADDRESS 



tASR-^| 

tRAH-H U- 



tRC 



tRAS 



^AR 



tRCD 



tCRP 




tRAD 



ROW 



WE 



OE 



I/O 





♦tASC 



twos-*- 



tDS* 



tRSH 



:l 



COLUMN 



tRP 



tRC 



tRAS 



tRP 



"V 



tCHR 



I 



tCRP 



.c 



tCAH 




tWCH 



twp 



tDH 



-tDHR 




m'^r^mmmmm 



FIGURE 11. HIDDEN REFRESH CYCLE (WRITE) 
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RAS 



CAS 



K 



tRAS 



tCHR 



tcSR 



ADDRESS 



WE 



READ CYCLE 



OE 



I/O 



WE 



OE 



I/O 



WRITE CYCLE 



tCP 



/ \ 



tRcsh-*- 



twcs 



tDS 



V 1 



tRSH 



tCAS 



a 



tCAC 



tOAC 



tCLZ 



m. 



tROH 



tRP 



.r 



tRRH 



tRCH 



4 • — *■ 



|^— tOFF1 
tOFF2 



VALID OUTPUT 



> 



-tRWL- 
-tCWL- 
-twCH - 



tDH 



VALID INPUT f~ 



-%. 



JT 



FIGURE 12. CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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Package Dimensions 



18 DIP 



Unit: inches (mm) 




LJ LJ LJ l_l LJ L_J 

0.905(22.99)MAX - 




0.008(0.2)MIN / 
0.014(0.36)MAX 




0.008(0.20)MIN 



0.200(5.08) MAX 



0.100(2.54) — 
TYP 



0.015(0.35) MIN 
0.023(0.58) MAX 



0.100(2.54) MIN 



, 0.035(0.95) MIN 



0.065(1 .65) MAX 
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GOLDSTAR ELECTRON CO., LTD. 



GM71C1000/L 

1,048,576 WORDS xl BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C1000/L is the new generation dynamic 
RAM organized 1,048,576 x 1 Bit. GM71C1000/L 
has realized higher density, higher performance 
and various functions by utilizing advanced 
CMOS process technology. The GM71C1000/L 
offers Fast Page Mode as a high speed access 
mode. Multiplexed address inputs permit the 
GM71C1000/L to be packaged in a standard 18 
pin DIP, 20 pin SOJ and ZIP. The package size 
provides high system bit densities and is compat- 
ible with widely available automated testing and 
insertion equipment. System oriented features in- 
clude single power supply of 5V+ 10% tolerance, 
direct interfacing capability with high perfor- 
mance logic families such as Schottky TTL. 



Features 

• 1,048,576x1 Bit Organization 



• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time 


(Unitrns) 




tRAC 


tcAC 


tRC 


tpc 


GM71C1000/L-60 


60 


20 


120 


45 


GM71C1000/L-70 


70 


20 


130 


50 


GM71C1000/L-80 


80 


25 


160 


55 


GM71C1000/L-10 


100 


25 


190 


55 



• Low Power 

Active: 495/440/385/330mW(MAX) 
Standby: 5.5mW (CMOS level: MAX) 
l.lmW (L-series) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and output TTL Compatible 
•512 Refresh Cycles/8ms 

•512 Refresh Cycles/64ms (L-series) 

• Battery Back Up Operation (L-series) 



Pin Configuration 
18 DIP 



20 (26) SOJ 







^J 








f~ — 


^ 1 




Din 


1 




18 


Vss 


DinC 




20 


I] Vss 


WE I 2 




17 


DquT 


WE C 


2 


19 


Udout 


1 




jbJcas 


RAS L 


3 


18 


J CAS 


RAS 


3 




TF*1[I 


4 


17 


Unc 


TF* 1 


4 




"l5~j A9 


NCC 


5 


16 


3 A9 


A0| 5 




14 


A8 










A1 


6 




13|A7 


A0C 


6 


15 


U A8 










A1C 




14 


3A7 


A2 


7 




12 


A6 


A2 C 


8 


13 


IlA6 


A3 


8 




11 


A5 


A3 C 

Vcc [I 


9 
10 


12 
11 


UA5 
HA4 


Vcc 


9 




10 


A4 




k. 


j 

















20 ZIP 



CAS 2 




Vss 4 




WE 6 




NC 8 




NC 10 




A1 12 




A3 14 




A4 16 




A6 18 




A8 20 





1 A9 

3 DoUT 

5 D| N 

7 RAS 

9 TF*1 

11 A0 

13 A2 

15 Vcc 

17 A5 

19 A7 



(TOP VIEW) 



(TOP VIEW) 



(BOTTOM VIEW) 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A9 


Address Inputs 


Din 


Data Input 


RAS 


Row Address Strobe 


Vcc 


Power ( + 5V) 


CAS 


Column Address Strobe 


Vss 


Ground 


WE 


Write Enable 


TF* 1 


Test Function 


Dqut 


Data Output 


NC 


No Connection 



Note *1. TF pin can be connected with any line or unconnected provided the voltage level of TF 
pin must be kept lower than Vcc + 0.5V. 

Ordering Information 



Type No. 


Access Time 


Package 


GM71C1000/L-60 
GM71C1000/L-70 
GM71C1000/L-80 
GM71C1000/L-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
18 Pin 
Plastic DIP 


GM71C1000SJ/LSJ-60 
GM71C1000SJ/LSJ-70 
GM71C1000SJ/LSJ-80 
GM71C1000SJ/LSJ-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic SOJ 


GM71C1000Z/LZ-60 
GM71C1000Z/LZ-70 
GM71C1000Z/LZ-80 
GM71C1000Z/LZ-10 


60ns 

70ns 

80ns 

100ns 


400 Mil 
20 Pin 
Plastic ZIP 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


Ta 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (Plastic) 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


V 


loUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

Recommended Operating Conditions (Ta=0 ~ 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


Vil 


Input Low Voltage 


-2.0 


- 


0.8 


V 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


90 


mA 


1,2 


70ns 


— 


80 


80ns 


— 


70 


100ns 


- 


60 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vm, DouT = High-Z) 


- 


2 


mA 




ICC3 


RAS Only Refresh Current 

Average Power Supply Current 

KX5 Only Refresh Mode 

(RAS Cycling, CAS = Vih, t R c = t R c min) 


60ns 


— 


90 


mA 


2 


70ns 


— 


80 


80ns 


— 


60 


100ns 


— 


50 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(K£S = Vil, CAS Address Cycling: t PC = t P c min) 


60ns 


— 


80 


mA 


1,3 


70ns 


— 


70 


80ns 


— 


50 


100ns 


- 


50 


ICC5 


Standby Current (CMOS) 

Power Supply Standby Current 

(RAS, CAS = Vcc- 0.2V, DouT = High-Z) 


- 


1 


mA 




- 


200 


/xA 


4 


ICC6 


CAS before RAS Refresh Current 
(tRc = tRc min) 


60ns 


— 


80 


mA 




70ns 


— 


70 


80ns 


— 


60 


100ns 


— 


50 


ICC7 


Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
(CAS = CAS before RAS Cycling or 0.2V, WE = V C c-0.2V 
or 0.2V, A0~A9 = V C c-0.2V or 0.2V, Din = V C c- 0.2V, 0.2V 
or Open: tRc=125^ts) 


- 


300 


yt,k 


4,5 


ICC8 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


5 


mA 


1 


Il(L) 


Input Leakage Current 
Any Input (0V^Vin<7V) 


-10 


10 


(jlA 




IO(L) 


Output Leakage Current 

(Dout is Disabled, 0V^Vqut<7V) 


-10 


10 


fiA 





Note 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS=Vil 

3. Address can be changed once or less while CAS=Vih 

4. L Series 

5. tRAs(max) = lfxs is applied to refresh of battery back up. 
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Capacitance (Vcc = 5V ± 10%, Ta=25°C) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address, Din) 


- 


5 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


7 


pF 


1 


Co 


Data Capacitance (Dqut) 


- 


7 


pF 


1,2 



Note 1. Capa citance is sampled and not 100% tested. 
2. CAS = Vih to disable Dqut- 



AC Characteristics (Vcc = 5V±10%, Ta = ~70°C, Note 1,14) 

Read r Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


120 


— 


130 


— 


160 


— 


190 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


50 


- 


70 


- 


80 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


12 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


- 


15 


- 


20 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


22 


55 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


20 


55 


ns 


9 


tRSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


100 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


S(f 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Refresh Period (L-Series) 


- 


64 


- 


64 


- 


64 


- 


64 


ms 





70 



GM71C1000/L 



Read Cycle 



Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


- 


25 


ns 


3,4 


tAA 


Access Time from 
Column Address 


— 


30 


— 


35 


- 


40 


— 


45 


ns 


3,5 


tRCS 


Read Command Set-up 
Time 





— 





— 





— 





— 


ns 




tRCH 


Read Command Hold 
Time to CAS 





— 





— 





— 





— 


ns 




tRRH 


Read Command Hold 
Time to RAS 


10 


- 


10 


— 


10 


— 


10 


- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




tOFF 


Output Buffer Turn-off 
Delay Time 


- 


20 


- 


20 


- 


20 


- 


25 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





- 





— 





— 





— 


ns 


10 


t\VCH 


Write Command Hold 
Time 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




twp 


Write Command Pulse 
Width 


10 


— 


10 


— 


15 


— 


15 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


20 


— 


20 


— 


25 


— 


25 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


20 


- 


20 


- 


25 


- 


25 


- 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


— 


15 


- 


20 


- 


20 


- 


ns 


11 


Read-Modify-Write Cycle 


Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Write Cycle Time 


145 


- 


155 


— 


190 


- 


220 


- 


ns 




tRWD 


RAS to WE Delay Time 


60 


— 


70 


— 


80 


— 


100 


— 


ns 


10 


tcWD 


CAS to WE Delay Time 


20 


- 


20 


— 


25 


- 


25 


- 


ns 


10 


tAWD 


Column Address to WE 
Delay Time 


30 


- 


35 


— 


40 


— 


45 


— 


ns 


10 
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Refresh Cycle 


Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


— 


10 


— 


10 


— 


10 


- 


ns 




Fast Page Mode Cycle 


Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


55 


- 


55 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


10 


- 


10 


- 


10 


— 


10 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


- 


100,000 


- 


100,000 


— 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS Precharge 


- 


40 


- 


45 


- 


50 


- 


50 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


40 


- 


45 


- 


50 


- 


50 


- 


ns 




Fast Page Mode Read-Modify- Write Cycle 


Symbol 


Parameter 


GM71C1000/L-60 


GM71C1000/L-70 


GM71C1000/L-80 


GM71C1000/L-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


70 


— 


75 


— 


85 


— 


85 


— 


ns 
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Notes : 

1. AC measurements assume tT = 5ns. 

2. Assumes that tRCD^tRCD(max) and tRAD<tRAD(max). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD ^ tRCD(max) and tRAD ^ tRAD(max). 

5. Assumes that tRCD < tRCD(max) and tRAD ^ tRAD(max). 

6. toFF(niax) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil- 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC 

9. Operation with the tRAD(max) limit insures that tRAc(niax) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD(niax) limit, then access time is controlled exclu- 
sively by tAA- 

10. twcs, tcwD,tRWD, and tAWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only : if twcs ^ twcs(min), the cycle is an early write cycle and the data out 
pin will remain open circuitjhigh impedance) throughout the entire cycle : if tRWD 2> tRWD(min), tcwD > 
tcwD(min) and tAWD ^ tAWD(niin), the cycle is a read-write and the data output will contain data read from 
the selected cell : if neither of the above sets of conditions is satisfied, the condition of the data out(at access 
time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or Read- Modify- Write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 /xs is required after power up foll owed by a minimum of eight initialization cycles 
(any combination of cycles containing RAS clock such as RAS only refresh) . If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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TIMING WAVEFORMS 



RAS 



CAS 



ADDRESS 



WE 



DouT 



\ 



tASR 




tRC 



tRAS 



r\ 



tCSH 



tRCD 



tASC 



\ 



tRAD 



ROW 



tRAH 




tRCS 



tRAC 



tRSH 



tCAS 



tRAL 



tCAH 



COLUMN 



tCRP 



tRP 



tCAC 



tAA 



«i ' »• 



tRCH 



tRRH 



tOFF 



f 



VALID ^- 

OUTPUT r~ 



FIGURE 1. READ CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Din 



\ 



tT 




tASR 



tRC 



tRAS 



tCSH 



tRCD 



\ 



M X 

ROW 



tRAH 




tASC 



tRSH 



tCAS 






tCAH 



COLUMN 




twcs 




tDS 



J y 



tWCH 



tDH 



VALID INPUT 



Jr 



tRP 



7- 



tCRP 



\ 






Darr 



High-Z* # 



Don't care 
tWCS £twCS (MIN.) 



FIGURE 2. EARLY WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Din 



\ 



tASR 




tRC 



tRAS 



tRP 



/ 



tCSH 



tRCD 



tRAH 



ROW 




tRSH 



tCAS 



tCAH 



*ASC 



COLUMN 



tRCS 



tCWL 



tRWL 



J 



\ 



tDS 




tWP 

m — *• 



tDH 



VALID 
INPUT 



tCRP 





Don't care 



FIGURE 3. DELAYED WRITE CYCLE 
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tRWC 



RAS 



CAS 



ADDRESS 



WE 



Din 



D OUT 




Don't care 



FIGURE 4. READ-MODIFY-WRITE CYCLE 



77 



GM71C1000/L 



RAS 



\ 



CAS 



ADDRESS 



tASR 



tRASC 



tCSH 



tRCD 



\ 



tRAD 



ROW 



WE 



D OUT 



tRAH- 




tRCS 



tRAC 



tCAS 



JT 



use 

tCAH 



COLUMN 



tAA 



tpc 



tCP 



m • » 



VJ 



tASC 




tRCH 



tCAC 



tCAS 



tCAH 



COLUMN 



tRCS 



tAA 



tRHCP 



r~\ 



tCP 



\ 




tRCH 



tCAC 



tACP 



tOFF 



tRAL 



tASC 



_r 



tRSH 



COLUMN 



tRCS 



^ 



w 



tAA 



tCAH 

1 



tRP 



tCRP 



tCAS 



/ 




tRRH 



tCAC 



tACP 



tOFF 



7" VALID \ / VALID ^C_ T" VALID \ 

>OUTPUTJl 5 OUTPUT t \. OUTPUT 1 



tRCH 



tOFF 



Don't Care 



FIGURE 5. FAST PAGE MODE READ CYCLE 
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RAS 



CAS 



tASR 



address; 



tRASC 



tCSH 



tRCD 



tRAH 



KEDm 



WE 



tASC 



vj^ur^j 



tCAS 



tPC 



tCP 



tCAH 

m »■ 



COLUMN 



twcs 





tDS 




tASC 



tCAS 



tCP 



tCAH 



COLUMN 



tWCH twCS 



VALID 
INPUT 




tDH 




tDS 



< ' » 




tASC 



tRSH 



tCAS 



tRP 



/^V 



tCRP 



tCAH 



COLUMN 



twcs — * 



tWCH 



tDH 



VALID 
INPUT 




tDS 




tWCH 




tDH 



VALID 
INPUT 




DOUT 



High-Z* # 



Don't care 
* * twCS £ twCS(min) 



FIGURE 6. FAST PAGE MODE WRITE CYCLE 
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RAS 



\ 



CAS 



tASR 



ADDRESS i 



tRASC 



tRCD 



un^n 



tASC 



tRAH 



WE 



-'OUT 



MH)®c^ 



tRWD 



tRAD 




tCAH 



tRCS 



tPCM 



tCP 



tASC 




tAWD 




tAA 



tCWD tDH 



ItCWL 



tWP 



tDS 



VALID 
INPUT 



tRAC 



tCAC 



tCAH 



COLUMN 
tCWD 



tCWL 



tCP 



tASC 




tAWD 



tRCS 



tDS 




tAA 



\ 



tAWD 



tWP 



Jf 



tDH 



VALID 
INPUT 



tRWL 



tRP 



r\ 



/ 



tCAH 



COLUMN 



tCWD 



tRCS 



'""\^ 




C VALID 
OUTPU 



tOFF 



tACP 



tCAC 



tAA 



tDS 



tCRP 




tCWL 

• ■ 

tWP 



tDH 




VALID' 
JNPUT. 




\ 1 L VALID \ 1 VALID ^ T 

L J OUTPUT L 3 f OUTPUT L 



tOFF 



tACP 



tCAC 



tOFF 



Don't care 



FIGURE 7. FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



tCRP 



tRC 



\ 



ADDRESS 



tRAS 



1 



tRP 



V 



tRPC 




tRAH 



-tASR 



ROW 




D OUT 



High-Z 



FIGURE 8. RAS-ONLY-REFRESH CYCLE 



RAS — I 



tRP 



tRPC 



CAS 



tCSR 

«• — #■ 



tRC 



tRAS 



tCHR 



tRP 



tRPC 



tCSR 



tRC 



tRAS 



\ / — \ / — \ 



tRP 



tCHR 



-tCRP 



/ 



ADDRESS 




DdUT 



High-Z 



Don't car© 



FIGURE 9. CAS BEFORE RAS REFRESH CYCLE 
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RAS 



O ,0_j\ JO. 

rr tRSH , tcHR J U-. 



CAS 



tASR 



ADDRESS 



WE 



tRC 



tRAS 



(Read) 



tRSH 
tRCD* 



tRAH 



\ 



tASC 



tRAD 



ROW 

— r 



tRCS 




tRP 



tRC 



tRAS 



(Refresh) 



tRP 



tRC 



tRAL 
tCAH 



COLUMN 



tRAC 



Dout 



tCAC 



tAA 



4 



tRAS 



(Refresh) 



tCAS 



VALID OUTPUT 



tRP 



f 



tRCH 



tRRH 




tOFF 



Don't care 



FIGURE 10. HIDDEN REFRESH CYCLE 
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Package Dimensions 
18 DIP 



0.868(22.06)MIN 



0.884(22.46)MAX 




0.100(2.54) — 
TYP 




0.015(0.38) MIN 
0.023(0.58) MAX 



1 0.045(1.15) MIN 



0.063(1 .60) MAX 



20SOJ 



0.020(0.51 )MIN 



0.040(1 .01 )MAX 



^w 



0.008(0.02)MIN /" 
0.014(0.36)MAX 



0.140(3.56) MIN 
0.200(5.08) MAX 



0.100(2.54) MIN 
0.150(3.80) MAX 



I II II II II I I II II II II I 




) 


z 
m 

CM 

d 


X -r 

\n oo 

N. CO 

tS °° 
In o 

d d 


X 

< 

s 

oo 
o 

d 


I M II II II I I II II II II I 




0.661 (16.80)MIN 




0.669(1 7.00)MAX 





0.025(0.63)MIN j . 
0.039(1 .00) MAX~1 T 



^> 



z 


2 


^ 


> 






O 


o> 


CD 


o> 


CD 


CO 






O 


in 


CD 


r^ 


CM 


CM 


O 


o 



0.008(0.20) 



0.085(2.1 6)MIN 



0.1 03(2.61 )MAX 




0.128(3.25)MIN 
0.148(3.76)MAX 



0.015(0.38)MIN 
0.021 (0.53)MAX 



20 ZIP 



1.002(25.46)MIN 



S* 



o 



1.014(25.76)MAX 



0.015(0.38)MIN t 
0.023(0.58)MAX 



-j k— 0.050(1.27) 
II JYP 



0.110(2.80)MIN 
148(3.75)MAX 




0.104(2.65)MI N 
0.120(3.05)MAX 



| 0.008(0.20)MI N 
0.014(0.35)MAX 
0.088(2.24)MI N 
0.112(2.84)MAX 



83 



k&Sj 



GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM71C4256A/AL 

262,144 WORDS x 4 BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C4256A/AL is the new generation dy- 
namic RAM organized 262,144x4 Bit. GM71C- 
4256A/AL has realized higher density, higher per- 
formance and various functions by utilizing ad- 
vanced CMOS process technology. The GM71C- 
4256A/AL offers Fast Page Mode as a high speed 
access mode. Multiplexed address inputs permit 
the GM71C4256A/AL to be packaged in a stan- 
dard 20 pin DIP, SOJ and ZIP. The package size 
provides high system bit densities and is compat- 
ible with widely available automated testing and 
insertion equipment. System oriented features in- 
clude single power supply of 5V + 10% tolerance, 
direct interfacing capability with high perfor- 
mance logic families such as Schottky TTL. 



Features 

• 262,144x4 Bit Organization 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time 



(Unitins) 





tRAC 


tcAC 


tRC 


tpc 


GM71C4256A/AL-60 


60 


20 


120 


45 


GM71C4256A/AL-70 


70 


20 


130 


50 


GM71C4256A/AL-80 


80 


25 


160 


55 


GM71C4256A/AL-10 


100 


25 


190 


55 



Low Power 

Active: 495/440/385/330mW (MAX) 

Standby: 5.5mW (CMOS level: MAX) 

l.lmW (L- serie s) 

RAS Only Refresh, CAS before RAS Refresh, 

Hidden Refresh Capability 

All inputs and outputs TTL Compatible 

512 Refresh Cycles/8ms 

512 Refresh Cycles/64ms (L-series) 

Battery Back Up Operation (L-series) 



Pin Configuration 



20 DIP 



1/01 [T 


W 


"io] v S s 


I/02 \T 




IF] 1/04 


WE [3~ 




"18] 1/03 


RAS [T 




JZ]CAS 


NC \T 




T6JOE 


A0 |T 




J5] A8 


A1[7[ 




14] A7 


A2 [T 




13] A6 


A3 [j[ 




HI A5 


Vcc R(f 




TT]A4 



20(26) SOJ 





f - 


^J 


" > 




1/01 c 


1 




20 


Dv ss 


I/02 C 


2 




19 


Ul/04 


WE C 


3 




18 


Ul/03 


RAS C 


4 




17 


I] CAS 


N.C. C 


5 




16 


DOE 


A0 C 


6 




15 


UA8 


A1 C 


7 




14 


HA? 


A2 E 


8 




13 


I]A6 


A3 C 


9 




12 


UA5 


Vcc C 


10 




11 

j 


J|A4 



20 ZIP 



(TOP VIEW) 



(TOP VIEW) 




A8 20 

(BOTTOM 



VIEW) 
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Pin Description 



Pin 


Function 


Pin 


Function 


A0-A8 


Address Inputs 


I/O- 1/04 


Data Input, Output 


RAS 


Row Address Strobe 


Vcc 


Power (+5V) 


CAS 


Column Address Strobe 


Vss 


Ground 


WE 


Write Enable 


NC 


No Connection 


OE 


Output Enable 







Ordering Information 



Type No. 


Access Time 


Package 


GM71C4256A/AL-60 
GM71C4256A/AL-70 
GM71C4256A/AL-80 
GM71C4256A/AL-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 Pin 
Plastic DIP 


GM71C4256ASJ/ALSJ-60 
GM71C4256ASJ/ALSJ-70 
GM71C4256ASJ/ALSJ-80 
GM71C4256ASJ/ALSJ-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic SOJ 


GM71C4256AZ/ALZ-60 
GM71C4256AZ/ALZ-70 
GM71C4256AZ/ALZ-80 
GM71C4256AZ/ALZ-10 


60ns 

70ns 

80ns 

100ns 


400 Mil 
20 Pin 
Plastic ZIP 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (Plastic) 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 
Recommended Operating Conditions (Ta = ~ 70 °C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.4 


- 


6.5 


V 


ViL 


Input Low Voltage (I/O Pin) 


-1.0 


- 


0.8 


V 


Vil 


Input Low Voltage (Others) 


-2.0 


- 


0.8 


V 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t RC = t R c min) 


60ns 


— 


90 


mA 


1,2 


70ns 


— 


80 


80ns 


— 


70 


100ns 


- 


60 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vm) 


- 


2 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling, CAS=Vih, t R c = t R c min) 


60ns 


— 


90 


mA 


2 


70ns 


— 


80 


80ns 


— 


70 


100ns 


— 


60 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Cycling: t P c = t P c min) 


60ns 


— 


80 


mA 


1,3 


70ns 


— 


70 


80ns 


— 


60 


100ns 


- 


50 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS =Vcc- 0.2V) 


- 


1 


mA 




- 


200 


M A 


4 


ICC6 


CAS before RAS Refresh Current 
(t R c = t R c min) 


60ns 


— 


80 


mA 




70ns 


— 


70 


80ns 


— 


70 


100ns 


— 


60 


ICC7 


Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 
jCAS = CAS before RAS Cycling or 0.2V, OE = V C c-0.2V, 
WE=Vcc-0.2V or 0.2V, A0~A8 = V C c-0.2V or 0.2V, 
I/Ol~4=Vcc-0.2V, 0.2V or Open: t RC =125/>ts) 


- 


300 


IxA 


4,5 


ICC8 


Standby Current RAS = Vm 
CAS=Vil 
Dout = Enable 


- 


5 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (0V<Vin<7V) 

All Other Pins Not Under Test = 0V 


-10 


10 


j*A 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V ^Vqut<7V) 


-10 


10 


lik 





Note 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS=Vm 

4. L Series 

5. tiuslinax) = 1/iS is applied to refresh of battery back up. 
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Capacitance (Vcc = 5V ± 10%, Ta=25°C) 










Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (A0 — A8) 


- 


5 


pF 


1 


C12 


Input Capacitance (RAS, CAS, WE, OE) 


- 


7 


pF 


1 


Ci/o 


Data Input/Data Output 


- 


10 


pF 


1,2 



*Note 1. Capa citance is sampled and not 100% tested. 
2. CAS = Vm to disable Dqut- 



AC Characteristics (Vcc = 5V±10%, Ta = 0~70°C, Note 1,14) 

Read r Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C4256A/AL-60 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


120 


— 


130 


— 


160 


— 


190 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


50 


- 


70 


— 


80 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


12 


— 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





- 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


- 


20 


- 


20 


- 


ns 




tRCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


22 


55 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


20 


55 


ns 


9 


tRSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


— 


100 


— 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tODD 


OE to Din Delay Time 


20 


- 


20 


- 


20 


- 


25 


- 


ns 




tDZO 


OE Delay Time from Din 





- 





- 





— 





— 


ns 




tDZC 


CAS Delay Time from Din 





- 





- 





— 





- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


8 


- 


8 


- 


8 


- 


8 


ms 




Refresh Period (L-Series) 


- 


64 


- 


64 


- 


64 


- 


64 


ms 
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Read Cycle 


Symbol 


Parameter 


GM71C4256A/AL-60 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


— 


25 


ns 


3,4 


tAA 


Access Time from 
Column Address 


— 


30 


— 


35 


- 


40 


- 


45 


ns 


3,5 


tOAC 


Access Time from OE 


- 


20 


- 


20 


- 


25 


— 


25 


ns 




tRCS 


Read Command Set-up 
Time 





— 





— 





- 





- 


ns 




tRCH 


Read Command Hold 
Time to CAS 





- 





- 





- 





- 


ns 




tRRH 


Read Command Hold 
Time to RAS 


10 


— 


10 


— 


10 


- 


10 


— 


ns 




tRAL 


Column Address to RAS 
Lead Time 


30 


— 


35 


— 


40 


— 


45 


— 


ns 




tOFFl 


Output Buffer Turn-off 
Delay Time 


— 


20 


— 


20 


— 


20 


— 


25 


ns 


6 


tOFF2 


Output Buffer Turn-off 
Delay Time from OE 


— 


20 


— 


20 


- 


20 


— 


25 


ns 


6 


tCDD 


CAS to Din Delay Time 


20 


- 


20 


— 


20 


— 


25 


— 


ns 




Write Cycle 


Symbol 


Parameter 


GM71C4256A/AL-60 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





_ 





— 





— 





, — 


ns 


10 


t\VCH 


Write Command Hold 
Time 


15 


— 


15 


— 


20 


— 


20 


— 


ns 




twp 


Write Command Pulse 
Width 


10 


- 


10 


— 


15 


- 


15 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


20 


- 


20 


— 


25 


— 


25 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


20 


— 


20 


— 


25 


— 


25 


— 


ns 




tDS 


Data-in Set-up Time 





— 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


20 


- 


ns 
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Read-Modify-Write Cycle 


Symbol 


Parameter 


GM71C4256A/AL-60 GM71C4256A/AL-70 GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Write Cycle Time 


170 


- 


180 


- 


220 


- 


255 


- 


ns 




tRWD 


RAS to WE Delay Time 


85 


— 


95 


- 


110 


- 


135 


- 


ns 


10 


tcWD 


CAS to WE Delay Time 


45 


- 


45 


- 


55 


- 


60 


- 


ns 


10 


tAWD 


Column Address to WE Delay 
Time 


55 


- 


60 


— 


70 


- 


80 


— 


ns 


10 


tOEH 


OE Hold Time from WE 


20 


- 


20 


- 


25 


- 


25 


- 


ns 




Refresh Cycle 


Symbol 


Parameter 


GM71C4256A/AL-60 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


15 


- 


15 


- 


20 


- 


20 


- 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


- 


10 


— 


10 


- 


10 


— 


ns 




Fast Page Mode Cycle 


Symbol 


Parameter 


GM71C4256A/AL-6C 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


45 


- 


50 


- 


55 


- 


55 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


- 


100,000 


— 


100,000 




100,000 


- 


100,000 


ns 


12 


tACP 


Access Time from CAS Precharge 


- 


40 


- 


45 


- 


50 


- 


50 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


40 


— 


45 


— 


50 


— 


50 


— 


ns 




Fast Page Mode Read-Modify-Write Cycle 


Symbol 


Parameter 


GM71C4256A/AL-60 


GM71C4256A/AL-70 


GM71C4256A/AL-80 


GM71C4256A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


95 


- 


100 


— 


110 


— 


115 


— 


ns 
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Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD ^ tRCD(max) and tRAD < tRAD(niax). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD ^ tRCD(max) and tRAD ^ tRAD(max). 

5. Assumes that tRCD ^ tRCD(max) and tRAD ^ tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vm and Vil- 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu- 
sively by tAA- 

10. twcs, tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data sheet 
as electrical characteristics only : if twcs ^ twcs(niin), the cycle is an early write cycle and the data out 
pin will remain open circuit(high impedance) throughout the entire cycle : if tRWD ^ tRWD(min), tcwD ^ 
tcwD(min) and tAWD ^ tAWD(min), the cycle is a read-write and the data output will contain data read from 
the selected cell : if neither of the above sets of conditions is satisfied, the condition of the data outjat access 
time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or Read-Modify-Write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 ^s is required after power up foll owed by a minimum of eight initialization cycles 
(any combination of cycles co ntain ing RA S clo ck such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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TIMING WAVEFORMS 



RAS 



CAS 



ADDRESS 



WE 



Dqut 



Din 



OE 



\ 



tASR 



tRC 



tRAS 



7 ^r 

J tRP \ 



tRCD 



\ 



tRAD 



tRAH tASC 



ROW 



tRCS 



tRSH 



f CAS 



tCSH 



tRAL 



/ 



tCAH 



COLUMN 



High-Z 



tRAC 



tDZC 



tCRP 



tCAC 



tAA 



High-Z 



tDZO 



tOAC 



tRCH 



tRRH 



tOFFl 



y valid -t 

\ OUTPUT _( 



tOFF2 
tCDD 



tODD 



Don't care 



FIGURE 1. READ CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



"S 



tT 



tASR 



tRC 



tRAS 



tRCD 



tCSH 



\ 



ROW 



tRAH tASC 



tRSH 



3 fc~s2\ 



tCAS 



tCAH 



COLUMN 




twcs 

m »• 



tDS 



.1 



tCRP 



-C 



tWCH 



tDH 



VALID INPUT 



D OUT 



High-Z 



Don't care 
* * OE: Don't care 

twcs^twcs(min) 



FIGURE 2. EARLY WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



D OUT 



OE 



tASR 



tRC 



tRAS 



tCSH 



tRCD 



N 



tASC 



tRAH 



ROW 



tRSH 



tCAS 



tCAH 



tCWL 



tRWL 



COLUMN 



tRCS 



h- 



»DZO 



tDS 



tWP 



"<L 



tDH 



VALID 
INPUT 



V 



tOEH 



M 

/invalid 

^"AOUTPUT 



tOFF2 



:r 



X 



tRP 



- 



tCRP 



Don't care 
* Invalid DquT comes out, when OE is low level. 



FIGURE 3. DELAYED WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



D OUT 



OE 



\ 



tASR 



tRWC 



r C 



tRCD 



tRAD 



tASC 



tRAH 



ROW 



tRCS 



K 



y 



tCAH 



COLUMN 



tRAC 



tDZO 



tDZC 



tRP 



r\ 



tCRP 



tCWD 



tAWD 



tAA 
tRWD 



tCAC 



tDS 



High-Z 



VALID ^ 
OUTPUT 




tOAC "^ 



M 



■ f 



\ 



tCWL 



tRWL 



tWP 



tDH 



validN^ 

INPUT 



tOFF2 



tOEH 



tODD 



Don't care 



FIGURE 4. READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



J OUT 



OE 



\ 



tASR 



tRASC 



tCSH 



tRCD 



tRAD 



tRAH 



ROW 



tASC 



tRCS 



tDZC 



tRAC 



tCAS 



tCAH 



COLUMN 



J- 



tPC 



tCP 



N 



tASC 



-r 



tRCH 



tCDD 



High-Z 



tODD 
tCAC 



tAA 



0UT p UT ^ 



IDZO 



Y 



tOAC 



tRCS 



^ 



tDZC 



tOFF1 



tOFF2 



tCAS 



X 



tCAH 



COLUMN 



tRHCP 



/ 



tCP 



■F 



h 



tASC 



tRCH 



tCDD 



High-Z 



tCAC 



tAA 



tACP 



VALID 
OUTPUT 



tDZO 



tRCS 



tRSH 



"<L 



tRAL 



tCAH 



COLUMN 



w 



£ 



K 



-tDZC 



tRP 



>>_ 



tCAS 



./ 



tRRH 



High-Z 



tCAC 



tAA 



tACP 



tOFF1 



-tDZO 



> 



tODD 



tOFF2 



tOAC 



< 



tCRP 



V. 



tRCH 



tCDD 



tODD 



/ 



tOFF1 



3 s 



VALID 
UTPUT 



tOFF2 



tOAC 

* MM} Don't care 

FIGURE 5. FAST PAGE MODE READ CYCLE 
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RAS 



CAS 



X 



ADDRESS 



WE 



tASR 



tRASC 



tCSH 



tRCD 



VJ^U 1 ^ 



tRAH 



$3®t 



tASC 



tCAS 



tpc 



tCP 



tCAH tASC 



COLUMN 



Din 



twcs 



tDS 



tCAS 



tCP 



tCAH 



COLUMN 



tWCH twCS 



tDH 



VALID 
INPUT 



tDS' 



tASC 



tRSH 



tCAS 



/ 



J 



tRP 



tCRP 



^ 



-*~ tCAH 



COLUMN 



tWCH 



twcs 



M& 



tDS 



tDH 



VALID 
INPUT 



tWCH 



tDH 



VALID 
INPUT 



DbUT 



High-Z 



* OE; Don't care 

** ' v ™ Don't care 



FIGURE 6. FAST PAGE MODE EARLY WRITE CYCLE 
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RAS 



CAS 



'\ 



tASR 



ADDRESS 



WE 



Din 



D OUT 



OE 



tRASC 



tCSH 



/V 



tRCD 



tASC 



tRAH 



^3®6 



tCAS 



tCAH 



tRCS 



tODD- 



tPC 



tCP 



/^j^ 



tASC 




tCAS 



COLUMN 



tDS 



tCWL 
tWP 



- 



VALID 
INPUT 



tDH 



tCAH 
tCWL 



tCP 



tASC 




tRCS 
tDS 



tRSH 



tCAS 



tCWL 



COLUMN 



tRP 



tCRP 
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FIGURE 7. FAST PAGE MODE DELAYED WRITE CYCLE 
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RAS 



CAS 



ADDRESS' 



WE 



Din 



Dout 



OE 




Don't care 

* 1: VALID INPUT 
*2: VALID OUTPUT 



FIGURE 8. FAST PAGE MODE READ-MODIFY-WRITE CYCLE 



98 



GM71C4256A/AL 



RAS 



CAS 



ADDRESS 



"Y 



tCRP 



tRC 



tRAS 



.1 



tRP 



V 



tRPC 




tRAH 



-tASR 
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-T 




d out 



High-Z 



OE, WE : Don't care 



FIGURE 9. RAS-ONLY-REFRESH CYCLE 
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FIGURE 10. CAS BEFORE RAS REFRESH CYCLE 
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CAS 



ADDRESS 



WE 



OE 



Dm it 



RAS 



CAS 



ADDRESS 



WE 



OE 



Din 



\ 



tCRP 



tRC 



tASR 



tRAS 



tRCD 
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tRAH 



tRSH 
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FIGURE 11. HIDDEN REFRESH CYCLE (READ) 
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FIGURE 12. HIDDEN REFRESH CYCLE (WRITE) 
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GM71C4256A/AL 



Package Dimensions 



Unit: inches (mm) \ 

^ 0-15° 



20 DIP 



0.968(24.6)MlN 



0.984(25.0)MAX 



0.020(0.51 )MIN 
0.040(1 .01 )MAX 




0.008 (0.200) MIN / " 
0.014(0.360),MAX 



0.140(3.56) MIN 
0.200(5.08) MAX 




0.100(2.54)^ 
TYP 



0.01 5(0.38) MIN 
0.023(0.58) MAX 



, 0.045(1.15) MIN 



0.063(1 .60) MAX 



20 SOJ n 



0.025(0.63)MIN | i 
0.039(1 .00)MA)rl r~ 
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o 



0.008(0.20) 



0.085(2. 16)MIN 



0.1 03(2.61 )MAX 




0.128(3.25)MIN 
0.148(3.76)MAX 



0.015(0.38)MIN 
0.021 (0.53)MAX 



20 ZIP 



1 .002 (25.46)MIN 



^ 



o_ 



1.014(25.76)MAX 



0.015(0.38)MIN t 
0.023(0.58)MAX 



-| ^o, 



,050(1.27) 
TYP 
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0.148(3.75)M< 
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CO 
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CO 
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, 0.008(0.20)!^^ 
0.014(0.35)MAX 
0.088(2.24)MIN 
0.112(2.84)MAX 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM71C4100A/AL 

4,194,304 WORDS xl BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C4100A/AL is the new generation dy- 
namic RAM organized 4,194,304x1 Bit. 
GM71C4100A/AL has realized higher density, 
higher performance and various functions by uti- 
lizing advanced CMOS process technology. The 
' GM71C4100A/AL offers Fast Page Mode as a high 
speed access Mode. Multiplexed address inputs 
permit the GM71C4100A/AL to be packaged in 
a standard 300-mil 20-pin plastic SOJ, standard 
400-mil 20-pin plastic ZIP, and standard 300-mil 
20-pin plastic TSOP II. The package size provides 
high system bit densities and is compatible with 
widely available automated testing and insertion 
equipment. System oriented features include sin- 
gle power supply of 5V± 10% tolerance, direct in- 
terfacing capability with high performance logic 
families such as Schottky TTL. 



Features 

• 4,194,304x1 Bit Organization 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time 



(Unif.ns) 





tRAC 


tcAC 


tRC 


tpc 


GM71C4100A/AL-60 


60 


15 


110 


40 


GM71C4100A/AL-70 


70 


20 


130 


45 


GM71C4100A/AL-80 


80 


20 


150 


50 


GM71C4100A/AL-10 


100 


25 


180 


55 



• Low Power 

Active: 605/550/495/440mW (MAX) 
Standby: 5.5mW (CMOS level: MAX) 
l.lmW (L- serie s) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and output TTL Compatible 

• 1024 Refresh Cycles/16ms 

• 1024 Refresh Cycles/128ms (L-series) 

• Battery Back Up Operation (L-series) 



Pin Configuration 
20 (26) SOJ 



20 (26) TSOP fl 




20 ZIP 



CAS 2 




v ss 4 




WE 6 




A10 8 




NC 10 




A1 12 




A3 14 




A4 16 




A6 18 




A8 20 





1 A9 



7 


RAS 


9 


NC 


11 


A0 


13 


A2 


15 


Vcc 


17 


A5 


19 


A7 



GM71C4100AT/ALT 



3 Cbur __ 



5 D, N m 




Z A8 

^j A6 
Z A5 

Zl M 



v ss 

^OUT 



Dm it Z 



Z v ss 

Z°OUT 

ZCAS CASE 
Z NC NC \2 

Z A9 A9 Z 



GMM71C4100AR/ALR 



v ssZ 



A8Z 

A6 Z 

A5Z 
A4^ 




(TOP VIEW) 



(BOTTOM VIEW) 



(TOP VIEW) 
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Pin Description 



Pin 


Function 


Pin 


Function 


A0-A10 


Address Inputs 


CAS 


Column Address Strobe 


A0-A9 


Refresh Address Inputs 


WE 


Read/Write Enable 


Din 


Data-input 


Vcc 


Power ( + 5V) 


Dout 


Data-output 


Vss 


Ground 


RAS 


Row Address Strobe 


NC 


No Connect 



Ordering Information 



Type No. 


Access Time 


PKG 


GM71C4100AJ/ALJ-60 
GM71C4100AJ/ALJ-70 
GM71C4100AJ/ALJ-80 
GM71C4100AJ/ALJ-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic SOJ 


GM71C4100AZ/ALZ-60 
GM71C4100AZ/ALZ-70 
GM71C4100AZ/ALZ-80 
GM71C4100AZ/ALZ-10 


60ns 

70ns 

80ns 

100ns 


400 Mil 
20 Pin 
Plastic ZIP 


GM71C4100AT/ALT-60 
GM71 C4 1 OOAT/ ALT-70 
GM71C4100AT/ALT-80 
GM71C4100AT/ALT-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic TSOP II 
(Normal Type) 


GM71C4100AR/ALR-60 
GM71C4100AR/ALR-70 
GM71C4100AR/ALR-80 
GM71C4100AR/ALR-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic TSOP II 
(Reverse Type) 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (Plastic) 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


. V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 



Recommended Operating Conditions (Ta 


= ~ 70°C) 






Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage 


-2.0 


- 


0.8 


V 
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GM71C4100A/AL 


DC Electrical Characteristics: (Vcc=5V±10%, Ta = 0- 


~70°C) 






Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L v Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


110 


mA 


1,2 


70ns 


— 


100 


80ns 


— 


90 


100ns 


- 


80 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vm, DouT = High-Z) 


- 


2 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling, CAS = Vi H , t R c = t R cmin) 


60ns 


— 


110 


mA 


2 


70ns 


— 


100 


80ns 


— 


90 


100ns 


— 


80 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t P c = t P c min) 


60ns 


— 


110 


mA 


1,3 


70ns 


— 


100 


80ns 


— 


90 


100ns 


- 


80 


ICC5 


Standby Current (CMOS) 

Power Supply Standby Current 

(RAS, CAS = Vih WE, Address Din = Vih or Vil, D UT = High-Z) 


- 


1 


mA 




- 


200 


jxA 


4,5 


ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


60ns 


— 


110 


mA 




70ns 


— 


100 


80ns 


— 


90 


100ns 


— 


80 


ICC7 


Battery Back Up Operating Current 

(Standby with CBR Refresh) 

(t RC =125/xs, tRAS<lj"S,WE = ViH, CAS = Vil, Address and 

Din = Vih or Vil, DouT = High-Z) 


- 


300 


fiA 


4,5 


ICC8 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


5 


mA 


1 


Il(L) 


Input Leakage Current 
Any Input ( 0V<Vin<7V) 


-10 


10 


(iA 




IO(L) 


Output Leakage Current 

(Dout is Disabled, 0V<Vout<7V) 


-10 


10 


jLlA 





Note) 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the output 
open condition. 

2. Address can be changed once or less while RAS = Vil 

3. Address can be changed once or less while CAS = Vih 

4. L Series 

5. Vcc-0.2V<Vih<6.5V, 0V<Vil<0.2V 
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GM71C4100A/AL 


Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address, Din) 


- 


5 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


7 


pF 


1 


Co 


Output Capacitance (Dqut) 


- 


7 


pF 


1,2 



Note 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable Dqut- 



AC Characteristics (Vcc = 5V±10%, Ta = 0~70°C, Note 1, 12, 15) 

Test Conditions: Input rise and fall times: 5ns 

Input timing reference levels: 0.8V, 2.4V 

Output load: 2TTL Gate + C L (100 pF) (Including scope and jig) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


110 


— 


130 


— 


150 


— 


180 


— 


ns 




tRP 


RAS Precharge Time 


40 


- 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


tRSH 


RAS Hold Time 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


100 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


- 


10 


— 


10 


— 


ns 




tr 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


- 


16 


- 


16 


ms 




Refresh Period (L-Series) 


— 


128 


— 


128 


— 


128 


— 


128 


ms 
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Read Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


- 


100 


ns 


2,3,16 


tCAC 


Access Time from CAS 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3,4,14, 
16 


tAA 


Access Time from 
Column Address 


— 


30 


— 


35 


- 


40 


- 


45 


ns 


3,5,14, 
16 


tRCS 


Read Command Set-up 
Time 





— 





- 





- 





- 


ns 




tRCH 


Read Command Hold 
Time to CAS 





- 





- 





- 





- 


ns 




tRRH 


Read Command Hold 
Time to RAS 





— 





— 





— 





— 


ns 




tRAL 


Column Address to RAS 
Lead Time 


30 


— 


35 


- 


40 


- 


45 


- 


ns 




tOFF 


Output Buffer Turn-off 
Delay Time 





15 





20 





20 





25 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





— 





- 





- 





— 


ns 


10 


twCH 


Write Command Hold 
Time 


15 


- 


15 


- 


15 


- 


20 


— 


ns 




twp 


Write Command Pulse 
Width 


10 


— 


10 


— 


10 


- 


20 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




tc\VL 


Write Command to CAS 
Lead Time 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


15 


- - 


20 


- 


ns 


11 


Read-Modify-Write Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Modify-Write Cycle 
Time 


130 


- 


155 


- 


175 


— 


210 


— 


ns 




tRWD 


RAS to WE Delay Time 


60 


— 


70 


- 


80 


- 


100 


- 


ns 


10 


tCYVD 


CAS to WE Delay Time 


15 


- 


20 


- 


20 


- 


25 


- 


ns 


10 


tAWD 


Column Address to WE 
Delay Time 


30 


- 


35 


- 


40 


- 


45 


— 


ns 


10 
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Refresh Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tCPN 


CAS Precharge Time in Normal 
Mode 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




Fast Page Mode Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


50 


- 


55 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


10 


- 


10 


— 


10 


— 


10 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


- 


100,000 


- 


100,000 


— 


100,000 


— 


100,000 


ns 


13 


tACP 


Access Time from CAS Precharge 


- 


35 


- 


40 


- 


45 


- 


50 


ns 


3,14,16 


tRHCP 


RAS Hold Time from CAS 
Precharge 


35 


- 


40 


— 


45 


— 


50 


— 


ns 




Fast Page Mode Read-Modify- Wr 


ite Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


60 


— 


70 


— 


75 


— 


85 


— 


ns 




tcpw 


CAS Precharge to WE Delay 
Time 


35 


— 


40 


— 


45 


— 


50 


— 


ns 


10 


Test Mode Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tws 


Test Mode WE Set-up Time 





- 





- 





- 





- 


ns 




t\VH 


Test Mode WE Hold Time 


10 


- 


10 


- 


10 


- 


10 


- 


ns 
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Counter Test Cycle 


Symbol 


Parameter 


GM71C4100A/AL-60 


GM71C4100A/AL-70 


GM71C4100A/AL-80 


GM71C4100A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tCPT 


CAS Precharge Time in 
Counter Test Cycle 


40 


— 


40 


— 


40 


— 


50 


— 


ns 





Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD < tRCD(max) and tRAD ^ tRAD(niax). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAc exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(niax) and tRAD < tRAD(max). 

5. Assumes that tRCD < tRCD(max) and tRAD ^ tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vm and Vil- 

8. Operation with the tRCD(max) limit insures that tRAc(niax) can be met. tRCDJmax) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by tAA. 

10. twcs ( tRWD, tcwD, tAWD and tcpw are not restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only : if twcs > twcs(min) the cycle is an early write cycle and the data 
out pin will remain open circuitjhigh impedance) throughout the entire cycle : if tRWD > tRWD(min), tcwD 
> tcwD(min), tawd > tAWD(min) and tcpw > tcpw(min), the cycle is a read modify write and the data out- 
put will contain data read from the selected cell: if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

1 1 . These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or a read modify write cycle. 

12. An in itial pause of 100 (is i s req uired a fter p ower up followed by a minimum of eight initialization cycels 
(RAS only refresh cycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a mini- 
mum of eight CAS before RAS refresh cycles is required. 

13. tRAsc defines RAS pulse width in fast page mode cycles. 

14. Access time is determined by the longer of tAA or tcAC or tACP- 

15. Test mode operation specified in this data sheet is 8 bit test function c ontro lled by co ntrol a ddre ss bits — 
RA10, CA10 and CA0. This test mode operation can be performed by WE and CAS before RAS (WCBR) 
refresh cycle. Refresh during test mode operation will be performed by normal read cycles or by WCBR 
refresh cycles. When the state of eight test bits accord each other, the condition of the output data is high 
level. When the state of test bits do not accord, the condition of the output data is low l evel. Data output 
pin is Pou t and data i nput p in is Din- In order to end this test mode operation, perform a RAS only refresh 
cycle or a CAS before RAS refresh cycle. 

16. In a test mode read cycle, the value of trac, Taa, tcAC and :acp is delayed for 2nd to 5ns for the specified 
value. These parameters should be specified in test mode cycles by adding the above value to the specified 
value in this data sheet. 
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TIMING WAVEFORMS 
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ADDRESS 



WE 
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r\ 
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-C 
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1. 



COLUMN 
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c 
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Don't Care 



FIGURE 1. READ CYCLE 
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tDH 



VALID INPUT 



K 
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FIGURE 2. EARLY WRITE CYCLE 
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GM71C4100A/AL 
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FIGURE 3. DELAYED WRITE CYCLE 
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GM71C4100A/AL 
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FIGURE 4. READ-MODIFY-WRITE CYCLE 
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RAS 



CAS 



ADDRESS 



tCRP 



R l \ 

-r— tRPC l CRP 



tRC 



tRAS 



tRP 



tRAH 



-tASR 



ROW 




D OUT 
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Refresh address: A0-A9 (AX0-AX9) 
WE: Don't care 



FIGURE 5. RAS-ONLY-REFRESH CYCLE 
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FIGURE 6. CAS-BEFORE-RAS REFRESH CYCLE 
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FIGURE 7. HIDDEN REFRESH CYCLE 
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GM71C4100A/AL 
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FIGURE 8. FAST PAGE MODE READ CYCLE 
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tASC 



tCAS 



tCP 



tCAH 



tASC 



COLUMN 



tWCH twCS 



VALID 
INPUT 




tDH 



tDS 




tRSH 



tCAS 



r\ 
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FIGURE 9. FAST PAGE MODE EARLY WRITE CYCLE 
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tRP 




FIGURE 10. FAST PAGE MODE DELAYED WRITE CYCLE 
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FIGURE 11. FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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Set Cycle * * 



Test Mode Cycle 



Reset Cycle* » * * Normal Mode 
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WE 




* CBR or RAS only refresh 

* Address, Din : Don't care 



FIGURE 12. TEST MODE CYCLE 
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FIGURE 13. TEST MODE SET CYCLE 
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TEST MODE RESET CYCLE 
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FIGURE 14. CAS-BEFORE-RAS REFRESH CYCLE 
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FIGURE 15. RAS-ONLY REFRESH CYCLE 
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FIGURE 16. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (READ) 
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FIGURE 17. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (WRITE) 
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GM71C4100A/AL 



Package Dimensions 

20 SOJ nnnnn 



) 



UUUUU OLTOLJI 

0.661 (16.80)MIN 

0.669(1 7.00)MAX 



0.025(0.63)MIN ■ i 
0.039(1 .00)MAX1 T 



4: 



Unit: inche (mm) 



0.008(0.20) 



0.085(2.16)MIN 



0.1 03(2.61 )MAX 




0.036(0.91 )MAX 



0.015(0.38)MIN 
0.021 (0.53)MAX 



0.128(3.25)MIN 
ai48(3.76)MAX 



20 ZIP 



r 



O 



0.015(0.38)MIN 
0.023(0.58)MAX* 



1 .002(25.46)MIN 



1.014(25.76)MAX 



Hh 



0.050(1.27) 
TYP 



0.104(2.65)MIN 
0.120(3.05)MAX 




0.008(0.20)MI N 
0.014(0.35)MAX 

0.088(2.24)MI N 
0.112(2.84)MAX 



20(26) TSOP (TYPE S) 
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00 
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CVI 

d 


CO 
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uuuuu — UUUUU 

GM71C4100AT/ALT 



nnnnn nnnnn 




uuuuu — uuuuu 

GM71C4100AR/ALR 



0.667(1 6.94)MIN 



0.683(1 7.34)MAX 



i 0.012(0.30 )MIN 
1 0.020(0.50)MAX 



-i 



0.050(1.270) 

' TYP 



0.041 (1.03)MIN 
0.048(1 .23)MAX 



Hj-u-lkj-u u u u u u B 1 =j- 

1 0.00 



,001(0.03)MIN 
0.009(0.023)MAX 



/r 





0.012(0.30)MIN 




0.028(0.70)MAX 




z 


X 

< 


2 


2 


CM 


CM 


O 


•<t 


o> 


o> 


in 




LO 


h- 


CO 


co 


o 


o 



0.009(0.22)MAX 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM71C4400A/AL 

1,048,576 WORDS x 4 BIT 
CMOS DYNAMIC RAM 



Description 

The GM71C4400A/AL is the new generation dy- 
namic RAM organized 1,048,576x4 Bit. 
GM71C4400A/AL has realized higher density, 
higher performance and various functions by uti- 
lizing advanced CMOS process technology. The 
GM71C4400A/AL offers Fast Page Mode as a high 
speed access Mode. Multiplexed address inputs 
permit the GM71C4400A/AL to be packaged in 
a standard 300-mil 20-pin plastic SOJ, standard 
400-mil 20-pin plastic ZIP, and standard 300-mil 
20-pin plastic TSOP II. The package size provides 
high system bit densities and is compatible with 
widely available automated testing and insertion 
equipment. System oriented features include sin- 
gle power supply of 5V± 10% tolerance, direct in- 
terfacing capability with high performance logic 
families such as Schottky TTL. 



Pin Configuration 



Features 

• 1,048,576 x 4 Bit Organization 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time 



(Unit:ns) 





tRAC 


tcAC 


tjRC 


tpc 


GM71C4400A/AL-60 


60 


15 


110 


40 


GM71C4400A/AL-70 


70 


20 


130 


45 


GM71C4400A/AL-80 


80 


20 


150 


50 


GM71C4400A/AL-10 


100 


25 


180 


55 



• Low Power 

Active: 605/550/495/440mW (MAX) 
Standby: 5.5mW (CMOS level: MAX) 
l.lmW (L-series) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 1024 Refresh Cycles/16ms 

• 1024 Refresh Cycles/128ms (L-series) 

• Battery Back Up Operation (L-series) 



20 (26) SOJ 



20 ZIP 



20 (26) TSOP n 




CAS 2 




1/04 4 




1/01 6 




WE 8 




A9 10 




A1 12 




A3 14 




A4 16 




A6 18 




A8 20 





I OE 
3 I/03 
5 V SS 
7 I/02 
9 RAS 

II A0 
13 A2 
15 Vcc 
17 A5 
19 A7 



(TOP VIEW) (BOTTOM VIEW) 
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i/oi[Z 
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VssC 
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I] 1/01 
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2 


19 
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I/04IZ 


19 


2 


I]l/02 
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3 


18 


Z ,/03 
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18 


3 


Zl WE 


RasE 


4 


17 


ZlCAS 


CAsC 


17 


4 


Zl RAS 


A9[Z 


5 


16 


_]OE 


oeC 


16 


5 


Zl A9 


A0[Z 


6 


15 


Z] A8 


aC 


15 


6 


Zl A0 


AC 


7 


14 


I]A7 


A7E 


14 




Hai 


A2[Z 


8 


13 


Zl A6 


A6C 


13 


8 


Zl A2 


A3 [I 


9 


12 


Z A5 


A5[Z 


12 


9 


Z] A3 


VccC 


10 


11 


~^\ A4 


A4|Z 


11 


10 


I]v cc 






( 


TOP VIEW) 
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GM71C4400A/AL 



Pin Description 



Pin 


Function 


Pin 


Function 


A0~ A9. 


Address Inputs 


WE 


Read/Write Enable i 


A0-A9 


Refresh Address Inputs 


OE 


Output Enable 


I/O 1-1/04 


Data-in/Data-out 


Vcc 


Power ( + 5V) 


RAS 


Row Address Strobe 


Vss 


Ground 


CAS 


Column Address Strobe 







Ordering Information 



Type No. 


Access Time 


PKG 


GM71C4400AJ/ALJ-60 
GM71C4400AJ/ALJ-70 
GM71C4400AJ/ALJ-80 
GM71C4400AJ/ALJ-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic SOJ 


GM71C4400AZ/ALZ-60 
GM71C4400AZ/ALZ-70 
GM71C4400AZ/ALZ-80 
GM71C4400AZ/ALZ-10 


60ns 

70ns 

80ns 

100ns 


400 Mil 
20 Pin 
Plastic ZIP 


GM71C4400AT/ALT-60 
GM71C4400AT/ALT-70 
GM71C4400AT/ALT-80 
GM71C4400AT/ALT-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic TSOP II 
(Normal Type) 


GM71C4400AR/ALR-60 
GM71C4400AR/ALR-70 
GM71C4400AR/ALR-80 
GM71C4400AR/ALR-10 


60ns 

70ns 

80ns 

100ns 


300 Mil 
20 (26) Pin 
Plastic TSOP II 
(Reverse Type) 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (plastic) 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Voltage on Vcc Relative to Vss 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above Absolute Maximum Ratings can adversely affect device reliability. 

Recommended Operating Conditions (Ta = - 70 °C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


VlL 


Input Low Voltage (I/O Pin) 


-1.0 


- 


0.8 


V 


VlL 


Input Low Voltage (Others) 


-2.0 


- 


0.8 


V 
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GM71C4400A/AL 



DC Electrical Characteristics: (Vcc = 5V+10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


110 


mA 


1,2 


70ns 


— 


100 


80ns 


— 


90 


100ns 


- 


80 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih. D UT = High-Z) 


- 


2 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling. CAS = Vih. t R c = t R cmin) 


60ns 


— 


110 


mA 


2 


70ns 


— 


100 


80ns 


— 


90 


100ns 


- 


80 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil. CAS, Address Cycling: t PC = tpc min) 


60ns 


— 


110 


mA 


1,3 


70ns 


— 


100 


80ns 


— 


90 


100ns 


- 


80 


ICC5 


Standby Current (CMOS) 

Power Supply Standby Current 

IRAS, CAS=Vm WE, OE, Address, Di N = Vih or Vil. DouT=High-Z) 


- 


1 


mA 




- 


200 


\xA 


4,5 


ICC6 


CAS before RAS Refresh Current 
(tRC = t RC min) 


60ns 


— 


110 


mA 




70ns 


— 


100 


80ns 


— 


90 


100ns 


— 


80 


ICC7 


Battery Back Up Operating Current 

(Standby with CBR Refresh) 

(tRc=125/AS. t RA s<l/>ts.WE = ViH. CAS = Vil. OE, Address and 

Din = Vih or Vil. DouT = High-Z) 


- 


300 


/xA 


4,5 


ICC8 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


5 


mA 


1 


Il(L) 


Input Leakage Current 
Any Input (0V<Vin<7V) 


-10 


10 


fiA 




IO(L) 


Output Leakage Current 

(Dout is Disabled, 0V<Vout<7V) 


-10 


10 


fiA 





Note) 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed once or less while RAS = Vil 

3. Address can be changed once or less while CAS = Vih 

4. L Series 

5. V C c-0.2V<Vih<6.5, 0V<Vil<0.2V 
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Capacitance (Vcc = 5V ± 10%, Ta = 25°C) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


5 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


7 


pF 


1 


Ci/o 


Output Capacitance (Data-In/Out) 


- 


10 


pF 


1,2 



Note 1. Capa citance measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vi H to disable Dqut- 



AC Characteristics (Vcc = 5V±10%, Ta = 0~70°C, Note 1, 14, 15, 16) 



Read, Write, Read-Modify-Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


110 


— 


130 


- 


150 


— 


180 


— 


ns 




tRP 


RAS Precharge Time 


40 


- 


50 


- 


60 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


— 


15 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


15 


40 


20 


55 


ns 


9 


tRSH 


RAS Hold Time 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


100 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tODD 


OE to Din Delay Time 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




tDZO 


51 Delay Time from Din 





- 





- 





- 





- 


ns 




tDZC 


CAS Set-up Time from Din 





- 





- 





- 





- 


ns 




tr 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


— 


16 


- 


16 


ms 




Refresh Period (L-Series) 


— 


128 


— 


128 


— 


128 


— 


128 


ms 
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GM71C4400A/AL 



Read Cycle 


Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


— 


80 


— 


100 


ns 


2,3,17 


tCAC 


Access Time from CAS 


— 


15 


— 


20 


— 


20 


— 


25 


ns 


3,4,13, 
17 


tAA 


Access Time from 
Column Address 


— 


30 


— 


35 


— 


40 


— 


45 


ns 


3,5,13, 
17 


tOAC 


Access Time from OE 


- 


15 


- 


20 


- 


20 


- 


25 


ns 


3,17 


tRCS 


Read Command Set-up 
Time 





— 





— 





— 





— 


ns 




tRCH 


Read Command Hold 
Time to CAS 





— 





— 





— 





— 


ns 


18 


tRRH 


Read Command Hold 
Time to RAS 





— 





— 





— 





— 


ns 


18 


tRAL 


Column Address to RAS 
Lead Time 


30 


- 


35 


- 


40 


- 


45 


— 


ns 




tOFFl 


Output Buffer Turn-off 
Delay Time 





15 





20 





20 





25 


ns 


6 


tOFF2 


Output Buffer Turn-off 
Delay Time from OE 





15 





20 





20 





25 


ns 


6 


tCDD 


CAS to Din Delay Time 


15 


- 


20 


- 


20 


- 


25 


— 


ns 




Write Cycle 


Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





— 





— 





— 





- 


ns 


10 


t\YCH 


Write Command Hold 
Time 


15 


- 


15 


- 


15 


- 


20 


- 


ns 




twp 


Write Command Pulse 
Width 


10 


— 


10 


— 


10 


— 


20 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


15 


— 


20 


— 


20 


— 


25 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


15 


— 


20 


— 


20 


— 


25 


- 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


15 


- 


20 


- 


ns 


11 
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GM71C4400A/AL 



Read-Modify-Write Cycle 



Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Modify-Write Cycle Time 


150 


- 


180 


- 


200 


- 


245 


- 


ns 




tRWD 


RAS to WE Delay Time 


80 


- 


95 


- 


105 


- 


135 


- 


ns 


10 


tcWD 


CAS to WE Delay Time 


35 


- 


45 


- 


45 


- 


60 


- 


ns 


10 


tAWD 


Column Address to WE Delay 
Time 


50 


- 


60 


— 


65 


— 


80 


— 


ns 


10 


tOEH 


OE Hold Time from WE 


15 


- 


20 


- 


20 


- 


25 


- 


ns 




Refresh 


l Cycle 




Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




tcHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


— 


10 


- 


10 


— 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


— 


10 


— 


10 


— 


10 


— 


ns 




tCPN 


CAS Precharge Time in Normal 
Mode 


10 


- 


10 


— 


10 


— 


10 


— 


ns 





Fast Page Mode Cycle 



Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


50 


- 


55 


- 


ns 




tcp 


Fast Page Mode CAS Recharge 
Time 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


— 


100,000 


— 


100,000 


— 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


35 


- 


40 


- 


45 


— 


50 


ns 


3,13,17 


tRHCP 


RAS Hold Time from CAS 
Precharge 


35 


— 


40 


— 


45 


- 


50 


— 


ns 




tCPW 


Fast Page Mode Read-Modify- 
Write Cycle CAS Precharge to 
WE Delay Time 


55 




65 




70 




85 




ns 




tpCM 


Fast Page Mode Read-Modify- 
Write Cycle Time 


80 


- 


95 


— 


100 


- 


110 


- 


ns 
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GoldStar 












GM71C4400A/AL 


Test Mode Cycle 


Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tws 


Test Mode WE Set-up Time 





- 





- 





- 





- 


ns 




t\VH 


Test Mode WE Hold Time 


10 


- 


10 


- 


10 


- 


10 


- 


ns 




Counter Test Cycle 


Symbol 


Parameter 


GM71C4400A/AL-60 


GM71C4400A/AL-70 


GM71C4400A/AL-80 


GM71C4400A/AL-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


Min 


Max 


tCPT 


CAS Precharge Time in Counter 
Test Cycle 


40 


— 


40 


— 


40 


— 


50 


— 


ns 





Notes : 

1. AC measurements assume tT = 5ns. 

2. Assumes that tRCD < tRCD(max) and tRAD < tRAD(niax). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAc exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that tRCD < tRCD(max) and tRAD ^ tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil- 

8. Operation with the tRCD(niax) limit insures that tRAc(max) can be met, tRCD(niax) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(niax) limit insures that tRAc(niax) can be met. tRAD(max) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD (max) limit, then access time is controlled exclu- 
sively by tAA- 

10. twcS/ tRWD, tcwD and tAWD are not restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only : if twcs > twcs(min), the cycle is an early write cycle and the data 
out pin will remain open circuitjhigh impedance) throughout the entire cycle • if tRWD > tRWD(min), tcwD 
> tcwD(min) tAWD > tAWD(min) and tcpw > tcpw(min) the cycle is a read modify write and the data out- 
put will contain data read from the selected cell: if neither of the above sets of conditions is satisfied, the 
condition of the data out (at access time) is indeterminate. 

11. These parameters are referenced to CAS leading edge in early write cycles and to WE leading edge in delayed 
write or a read modify write cycle. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP. 

14. An in itial pause of 100 fis i s req uired after power up followed by a minimum of eight initialization cycles 
(RAS only refr esh c ycle or CAS before RAS refresh cycle). If the internal refresh counter is used, a mini- 
mum of eight CAS before RAS refresh cycles is required. 

15. In delayed write or read modify write cycles, OE must disable output buffer prior to applying data to the 
device. 

16. Test mode operation specified in this data sheet is 2 bit test function controlled by control address bits ... 
CA0. This test mode operation can be performed by WE and CAS before RAS (WCBR) refresh cycle. Refresh 
during test mode operation will be performed by normal read cycles or by WCBR refresh cycles. When 
the state of two test bits accord each other, the condition of the output data is high level. When the state 
of test bits do no t acc ord, the condition of the output data is low level. In order to end this test mode opera- 
tion, perform a RAS only refresh cycle or a CAS before RAS refresh cycle. 

In a test mode read cycle, the value of tK\c, tAA, tcAC, toAC and tACP is delayed for 2ns to 5ns for the speci- 
fied value. These parameters should be specified in test mode cycles by adding the above value to the speci- 
fied value in this data sheet. _^____ 



17. 
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GM71C4400A/AL 



TIMING WAVEFORMS 



RAS 



CAS 



ADDRESS 



WE 



D OUT 



Din 



OE 



tASR 



tRC 



A. 



tRAS 



tRCD 



\ 



tRAD 



tRAH tASC 



ROW 



tRCS 



tRSH 



tCAS 



tCSH 



tRAL 



tCAH 



COLUMN 



High-Z 



tRAC 



tDZC 



/ 



tRP \ 



tCRP 




tCAC 



tAA 



tOAC 



High-Z 



tDZO 



tRCH 



tRRH 



tOFFl 



y VALID \ 
\ OUTPUT m f 



tOFF2 
tCDD 



tODD 



Don't care 



FIGURE 1. READ CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



WE 



\ 



tASR 



tRC 



tRAS 



tRCD 



tCSH 



\ 



ROW 



tRAH tASC 



tRSH 



3 fc*2\ 



tCAS 



tCAH 



COLUMN 



twcs 



tDS 



tCRP 



.r 



tWCH 



*DH 



VALID INPUT 



D OUT 



High-Z 



_ Don't care 

* * OE: Don't care 



FIGURE 2. EARLY WRITE CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



WE 



Din 



D OUT 



OE 




/ VALID^ 

IaoutputZ 



tOFF2 



/ 



~-T 



** Invalid DQUT comes out, when OE is low level. 



FIGURE 3. DELAYED WRITE CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



WE 



D| N 



CbuT 



OE 



X 



tASR 



tRWC 



tRCD 



tRAD 



tASC 



tRAH 



ROW 



tRCS 



K 



1 



tCAH 



COLUMN 



tRAC 



tDZO 



tDZC 



tRP 



JT\ 



tCRP 



tCWD 



tAWD 



tAA 
tRWD 



JCAC 
tDS 



High-Z 



VALID -n 
OUTPUT 




tOAC 



T 



D 



- 

J 



tCWL 



tRWL 



\3 



tDH 



validN^ 

INPUT 



tOFF2 
tODD 



tOEH 



Don't care 



FIGURE 4. READ-MODIFY-WRITE CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



\ 



tCRPM— ► 



tRC 



tRAS 



tRP 



t \ 

; L tCRp \ 

' i ^ fc ^ 



.*_■* tRPC 



tRAH 



^ASR 



ROW 



D OUT 



High-Z 



* OE, WE: Don't care 
* * Refresh address: A0-A9 (AX0-AX9) 



FIGURE 5. RAS-ONLY-REFRESH CYCLE 



tRP 



tCPN 

-4 •» 



- f\ f 

CAS — / "fi J 



tCSR 



tRC 



tRAS 



_ / — \f — \ / \ 

RAS — / tr * A * A > 

-+--— t tCRP 



tCHR 



tCPN 



tRP 



tRPC 



N 



tCRS 



tRC 



tRAS 



tRP 



tCHR 



/ 



ADDRESS 



D OUT 




tOFF1 



High-Z 



Don't care 
* * WE: V|H 

FIGURE 6. CAS-BEFORE-RAS REFRESH CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



\ 



tASR 



ADDRESS 



WE 



D OUT 



OE 



tRAH 



tRC 



tRAS 



(READ) 



/~\_jr\ 



tRSH 



tRCD 



tASC 



tRAD* 



$CE 



tRAC 



\ 



tRP. 



tRC 



tRAS 



(REFRESH) 



tRP 



tRC 



tCAH 



COLUMN 



tDZC 



J' 



tRCS 



i 



tDZO tOAC 



tCAC 

* — 

tAA 



tCAS 



tRAS 



(REFRESH) 



Jf 



tCHR 



VALID OUTPUT 



High-Z 



tRP 



tCRP \ 



/' 



tRCH 



tRRH 



tOFF1 



tOFF2 



\ 



r 



tCDD 



tODD 



* IYYY1 Don't care 



FIGURE 7. HIDDEN REFRESH CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



WE 



J OUT 



OE 



\ 



tASR 



tRASC 



tCSH 



tRCD 



tRAD 



tRAH 



tASC 



tRCS 



tDZC 



tRAC 



\-J 



tCAS 



tCAH 



"Y 



COLUMN 



tPC 



tCP 



V_y 



tASC 



-r 



tRCH 



tCDD 



High-Z 



tODD 
tCAC 



tAA 



VALID -n 
OUTPUT 



tDZO 



\ 



tOAC 



tRCS 



^ 



tDZC 



tOFFl 



O 



tQFF2 



tCAS 



tCAH 



COLUMN 



Y 



tRHCP 



/ 



tCP 



■r 



tASC 



tRCH 



tCDD 



High-Z 



tCAC 



tAA 



tACP 



VALID 
OUTPUT 



^ 



tDZO 



tRCS 



tRSH 



"L 



tRAL 



tCAH 



COLUMN 



w 



X 



-tDZC 



tRP 



"^_ 



tCAS 



./ 



tRRH 



High-Z 



tCAC 



tAA 



tACP 



tOFFl 



A. 



> 



tODD 



tOFF2 



tOAC 



tCRP 



tRCH 



tCDD 



tODD 



& 



/ 



tOFFl 



■ VALID 
OUTPUT 



tOFF2 



tOAC 

tffl?j Don't care 

FIGURE 8. FAST PAGE MODE READ CYCLE 
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GM71C4400A/AL 



RAS 



CAS 



\ 



tASR 



tRASC 



tCSH 



tRCD 



\jr\jrxj 



tRAH 



ADDRESS >jjrY row ^^3^ C0LUMN 



tASC 



tCAS 



tpc 



tCP 



tCAH tASC 



WE 



twcs 



tDS 



tCAS 



tCP 



tCAH 



COLUMN 



tWCH tWCS 



tDH 



VALID 
INPUT 



tDS 1 



tASC 



tRSH 



tCAS 



/ 



tRP 



"V 



tCRP 



V 



COLUMN 



twcs 



tWCH 



tDH 



VALID 
INPUT 



tDS 



tCAH 



tWCH 



tDH 



VALID 
INPUT 



D OUT 



High-Z 



* OE; Don't care 

** r « ,. 

Don t care 



FIGURE 9. FAST PAGE MODE EARLY WRITE CYCLE 



138 



GM71C4400A/AL 



RAS 



CAS 



A 



tASR 



ADDRESS 



WE 



Dqut 



OE 



tRASC 



tCSH 



/^ 



tRCD 



tASC 



tRAH 



M3®E 



tCAS 



J 



tCAH 



tRCS 



tODD- 



tpc 



tCP 



\ 



tASC 




^J 



tDS 



tCWL 
.tWP 



tCAS 



^_/ 



COL. 



"VALID 



l>f" 



tDH 



? J 



tCAH 
tCWL 



tCP 



-L Y 



tASC 




tRCS 
tDS 



tRSH 



tCAS 



tCWL 



COL. 



tWP 



\J 



VALID " 
INPUT. 



tDH 



tRP 



/ 



tCRP 



\ 



tDS 



tRCSK*" 

H 



tCWL 



tWP 
tRWL 



VALID 
INPUT 



tDH 



tOEH 



High-Z 



Don't care 



FIGURE 10. FAST PAGE MODE DELAYED WRITE CYCLE 
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GoldStar 



GM71C4400A/AL 



RAS 



CAS 



ADDRESS 



WE 



Din 



Dout 



OE 




Don't care 

*1: VALID INPUT 
*2: VALID OUTPUT 



FIGURE 11. FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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GM71C4400A/AL 



Set Cycle 



Reset Cycle * * * Normal Mode 



RAS 



CAS 



WE 




* CBR or RAS only refresh 
* * Address, Din : Don't care 



FIGURE 12. TEST MODE CYCLE 



RAS 



CAS 



WE 



ADDRESS 



Dout 



tRP 



/ \ / \ 



tRPC tCSR 

k *■ 



/j^4 



tws 



tRC 



tRAS 



tCHR 



tWH 



tCPN 



tRP 



tRPC 



/ W 



tOFF1 



F 



High-Z 



tCRP 



FIGURE 13. TEST MODE SET CYCLE 
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TEST MODE RESET CYCLE 



RAS 



tRP 



JIcpnV •* 



WE 



ADDRESS 



Dout 



tws 



tRC 



J \ / \ 

tRPC tcSR tCHR tRP 9 ! 9 RP 



tRAS 



tCPN 



tRP 



tRPC tCRP 

■4 4 



-r 

L 




tWH 





tOFF1 




High-Z 



FIGURE 14. CAS-BEFORE RAS REFRESH CYCLE 



RAS 



CAS 



ADDRESS 



tT 



tASR 



tRC 



tCRP tRPC *CRP 



tRAS 



tRP 



tRAH 



ROW 



\- 



Dout 



High-Z 



* Refresh Address AO ~ A9 (AXO ~ AX9) 
* * K)GXXJ Don't care 



* * * WE: Don't care 



FIGURE 15. RAS-ONLY REFRESH CYCLE 
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RAS 



CAS 



ADDRESS 



WE 



Din 



Dout 



OE 



"S 



\ 



tCSR 



f 



tCHR 



/ 



tCPT 



tASC 



tws 



tWH 
" » tRCS 



w 



tRSH 



tCAS 



tCAH 



tRP 



Jr 



r 



COLUMN 



High-Z 



tDZC 



tCRP 



tRRH 



High-Z 



tAA 



tDZO 

-* »- 



tOAC 



tCAC 



tRCH 



n 



tCDD 




tOFF1 



< 



VALID OUTPUT 



tOEP 



tOFF2 



tODD 



• Don't care 



FIGURE 16. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (READ) 
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RAS 



CAS 



ADDRESS 



WE 



Dn 



X 



\ 



tCSR 



tCHR 



tCPT 



tASC 



tws 



tWH 

*f »* 



tRSH 



tCAS 



tRP 



r^\ 



tCAH 



COLUMN 



twcs 



tDS 



tWCH 



tDH 



VALID INPUT 



r 



tCRP 



Dout 



High-Z 



OE 



Don't care 



FIGURE 17. CAS-BEFORE-RAS REFRESH COUNTER CHECK CYCLE (WRITE) 
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GM71C4400A/AL 



Package Dimensions 

20 S0J nnnnn nnnnn 



0.025(0.63)MIN . i Unit: inche (mm) 

0.039(1 .OOJMAXl r 



) 



uuuuu — uuuuu 

0.661 (16.80)MIN 



0.669(1 7.00)MAX 



/ 2 2 



4: 



0.008(0.20) 



0.085(2. 16)MIN 



0.1 03(2.61 )MAX 



WfflFfflffli 



0.050(1.27)- 
TYP 



P 



0.015(0.38)MIN 
0.021 (0.53)MAX 



a: 



0.128(3.25)MIN 
0.148(3.76)MAX 



0.026(0.66)MIN 



0.036(0.91 )MAX 



20 ZIP 



S* 



O 



0.015(0.38)MIN 



0.023(0.58)MAX 



1 ,002(25.46)MIN 



1.014(25.76)MAX 



iHh* 



050(1.27) 
TYP 



0.104(2.65)MI N 
0.120(3.05)MAX 




0.112(2.84)MAX 



20(26) TSOP (TYPE A) 
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GM71C4400AR/ALR 



0.667(16.94)MIN 



0.683(17.34)MAX 



Hj-u-u-lmj U U U U L0 



0.041 (1.03)MIN 
10.048(1. 23)MAX 



j p.012(0.30 )MIN 
|b.020(0.50)MAX 



-i 



0.050(1.270) 



-L 

I 0.001 (0.03)MIN 
0.009(0.023)MAX 



sr 





0.012(0.30)MIN 




0.028(070)MAX 










z 


X 


% 


Si 


CO 


CO 


in 




8 


Jo 


o 


o 
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DRAM MODULE DATA SHEET 



MULTIPORT VIDEO RAM DATA SHEET 



SRAM DATA SHEET 



MASK ROM DATA SHEET 



DISTRIBUTORS 
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GOLDSTAR ELECTRON CO., LTD. 



GMM78256S-60/70/80/10 

262,144 WORDS x 8 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM78256S is a 256K x 8 bits Dynamic RAM 
Module, mounted 2 pieces of 1M bit DRAM 
(GM71C4256ASJ, 256Kx4) sealed in 20 pin SOJ 
package. The GMM78256S is a socket type me- 
mory module, suitable for easy interchange or ad- 
dition of module. The GMM78256S provides 
common data inputs and outputs. It's module 
board has decoupling capacitors mounted under 
each DRAM. 



Pin Configuration (Top View) 
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Features 

• High Density Standard 30 Pin mounting 2 pes 
of 1M DRAM GM71C4256ASJ (SOJ) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit: ns 





tRAC 


tcAC 


tRC 


tpc 


GM78256S-60 


60 


20 


120 


45 


GM78256S-70 


70 


20 


130 


50 


GM78256S-80 


80 


25 


160 


55 


GM78256S-10 


100 


25 


190 


55 



• Low Power 

Active: 990/880/770/660mW (MAX) 
Standby: llmW (CMOS level: MAX ) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 512 Refresh Cycles/8ms 

Block Diagram 



A0-A8 I 

RAS- 
CAS- 
WE - 



A0-A8 
RAS 
CAS 
WE 



1/01 
I/02 
I/03 
I/04 



OE 

Vcc Vss 



V 



<Hh> 



GM71C4256ASJ 

DQO 

DQ1 

DQ2 

DQ3 



^ 



A0-A8 1/01 

RAS I/02 

CAS I/03 

WE I/04 

OE 

Vcc Vss 



GM71C4256ASJ 

DQ4 

DQ5 

DQ6 

DQ7 



^ 



Vcc- 



v S s- 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A8 


Address Inputs 


WE 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


Vss 


Ground 


RAS 


Row Address Strobe 


Vcc 


Power ( + 5V) 


CAS 


Column Address Strobe 


NC 


No Connection 



Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 

Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature (plastic) 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


2.0 


W 



*Note: Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 



Recommended Operating Conditions (Ta = - 


70°C) 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


Vm 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc = 5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


180 


mA 


1,2 


70ns 


— 


160 


80ns 


— 


140 


100ns 


- 


120 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih) 


- 


4 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vih, t R c = t R c min) 


60ns 


— 


180 


mA 


2 


70ns 


— 


160 


80ns 


— 


140 


100ns 


— 


120 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vt L , CAS Address Cycling: t P c = t P c min) 


60ns 


— 


160 


mA 


1,3 


70ns 


— 


140 


80ns 


— 


120 


100ns 


- 


100 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = Vcc- 0.2V) 


- 


2 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


60ns 


— 


160 


mA 




70ns 


— 


140 


80ns 


— 


140 


100ns 


— 


120 


ICC7 


Standby Current RAS = Vm 
CAS = Vil 
Dout = Enable 


- 


10 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input ( 0V<Vin<7V) 

All other Pins Not Under Test = 0V 


-20 


20 


jLtA 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<Vqut<7V) 


-10 


10 


fiA 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS=Vil 

3. Address can be changed once or less while CAS=Vih 

AC Electrical Characterstics 

Refer to the GM71C4256A/AL data sheet for AC Characteristics. 

The GMM78256S writes data only in early write cycle (twcs>twcs(min)). 

Delayed write cycle is not available because of I/O common. 
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Capacitance (Vcc = 5V ± 10%, T A =25°C / f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


— 


30 


pF 


1 


Cl2 


Input Capacitance (Clocks) 


- 


36 


pF 


1,2 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


- 


17 


pF 


1,2 



Note: 1. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable Dqut- 



Package Dimensions 



Unit: inches (mm) 



R0.067(1.70) 



0.133(3.38) — ► — 




3.500(88.90) 



3.234(82.14) 



0.125 PIA,*0.002(3.18±0.05) 



nnnnn nnnnn. 



uuuuu — uuuuu ' 



0.080(2.03) -*J*H 

0.300(7.62) 



g DDDD[T 



& 



DDnDDDDDnDnnnDDDDDDnDDnn 



— 0.070(1.78) 



2.900(73.66) 



- 0.100(2.54) 



REF 



0.100(2.54)MIN 



0.080(2.03)MIN 



0.010(0.25)MAX 



ml 


0.200(5.08) 


MAX 


% 


0.047(1. 19)MIN 




0.053(1 .35)MAX 



Tolerance: ±0.005(0.13) unless otherwise specified. 
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GOLDSTAR ELECTRON CO., LTD. 



GMM79256NS-70/80/10 

262,144 WORDS x 9 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM79256NS is a 256Kx9 bits Dynamic 
RAM Module, mounted 2 pieces of 1M bit 
DRAM (GM71C4256ASJ, 256Kx4) sealed in 20 
pin SOJ package and a 256K bit DRAM (GM71C- 
256A, 256Kxl) in 18 pin PLCC package. The 
GMM79256NS is a socket type memory module, 
suitable for easy interchange or addition of mod- 
ule. The GMM79256NS provides common data 
inputs and outputs, and also provides separate I/O 
on parity bit for parity check. It's module board 
has decoupling capacitors mounted under each 
DRAM. 



Pin Configuration (Top View) 
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Features 

• High Density Standard 30 pin mounting 2 pes 
of 1M DRAM GM71C4256ASJ (SOJ) 

and a 256K DRAM GM71C256A(PLCC) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit : ns) 





tRAC 


tcAC 


tRC 


tpc 


GMM79256NS-70 


70 


20 


130 


50 


GMM79256NS-80 


80 


25 


160 


55 


GMM79256NS-10 


100 


25 


190 


60 



• Low Power 

Active: 1,265/1, 100/935mW (MAX) 
Standby: 27.5mW (CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 512 Refresh Cycles/8ms 

Block Diagram 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A8 


Address 


WE 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


PD 


Data in for Parity 


RAS 


Row Address Strobe 


PQ 


Data out for Parity 


CAS 


Column Address Strobe 


Vss 


Ground 


PCAS 


CAS for Parity 


Vcc 


Power ( + 5V) 


NC 


No Connection 







Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°c 


TSTG 


Storage Temperature 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


3.0 


W 



*Note: Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 



Recommended Operating Conditions (Ta=C 


> ~ 70°C) 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V ; 


l 


Vm 


Input High Voltage 


2.4 


— 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VoH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc=tRc min) 


70ns 


- 


230 


mA 


1,2 


80ns 


- 


200 


100ns 


- 


170 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

|EX3, CAS=Vih) 


- 


7.5 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS=Vi H , t R c=t R c min) 


70ns 


- 


230 


mA 


2 


80ns 


- 


200 


100ns 


- 


170 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t P c = t PC min) 


70ns 


- 


185 


mA 


1,3 


80ns 


- 


160 


100ns 


- 


130 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = Vcc- 0.2V) 


- 


5 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRc = t R c min) 


70ns 


- 


210 


mA 




80ns 


- 


200 


100ns 


- 


170 


ICC7 


Standby Current RAS = Vi H 

CAS = Vi L 
Dout = Enable 


- 


14 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (0V<Vin^7V) 

All other Pins Not Under Test = 0V 


PD, PCAS 


-10 


10 


JLlA 




ADDR.,RAS, CAS/WE 


-30 


30 


IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<V O ut^7V) 


-10 


10 


jaA 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS=Vil 

3. Address can be changed once or less while CAS=Vih 
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Capacitance (Vcc=5V ± 10%, T A =25°C, f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


— 


30 


pF 


l 


C12 


Input Capacitance (Clocks) 


— 


36 


pF 


1,2 


Cl 3 


Input Capacitance (PD) 


— 


10 


pF 


1 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


— 


17 


pF 


1,2 


Co 


Output Capacitance (PQ) 


- 


10 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable Dout- 

AC Electrical Characterstics (Vcc=5V±10% Ta=0~70°C, Note 1, 14) 



The GMM79256NS writes data only in early write cycle (twcs>twcs (min)] 
Delayed write cycle is not available because of I/O common. 

Read, Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GMM79256NS-70 


GMM79256NS-80 


GMM79256NS-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


130 


— 


160 


— 


190 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


70 


- 


80 


- 


ns 




tRAS 


RAS Pulse Width 


70 


10,000 


80 


10,000 


100 


10,000 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


25 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


20 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


50 


' 25 


55 


25 


75 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


35 


20 


40 


20 


55 


ns 


9 


tRSH 


RAS Hold Time 


25 


- 


25 


- 


30 


- 


ns 




tcSH 


CAS Hold Time 


70 


— 


80 


— 


100 


— 


ns 




tCRP 


CAS to RAS Precharge 
Time 


15 


— 


15 


— 


15 


- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


— 


8 


- 


8 


— 


8 


ms 
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Read Cycle 


Symbol 


Parameter 


GMM79256NS-70 


GMM79256NS-80 


GMM79256NS-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


70 


- 


80 


- 


100 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


20 


- 


25 


- 


25 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


35 


— 


40 


— 


45 


ns 


3,5 


tRCS 


Read Command Set-up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time to 
CAS 





- 





— 





— 


ns 




tRRH 


Read Command Hold Time to 
RAS 


10 


- 


10 


— 


10 


— 


ns 




tRAL 


Column Address to RAS Lead 
Time 


35 


— 


40 


— 


45 


— 


ns 




tOFF 


Output Buffer Turn-off Delay Time 




20 


- 


20 


- 


25 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GMM79256NS-70 


GMM79256NS-80 


GMM79256NS-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up Time 





- 





- 





- 


ns 


10 


twCH 


Write Command Hold Time 


15 


- 


20 


- 


20 


- 


ns 




twp 


Write Command Pulse Width 


15 


- 


15 


- 


15 


- 


ns 




tRWL 


Write Command to RAS Lead 
Time 


20 


— 


25 


— 


25 


— 


ns 




tcWL 


Write Command to CAS Lead 
Time 


20 


— 


25 


— 


25 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


— 


20 


— 


20 


— 


ns 


11 


Refresh Cycle 


Symbol 


Parameter 


GMM79256NS-70 


GMM79256NS-80 


GMM79256NS-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


_ 


10 


— 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


20 


- 


25 


— 


30 


— 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


- 


10 


- 


10 


— 


ns 
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Fast Page Mode Cycle 


Symbol 


Parameter 


GMM79256NS-70 


GMM79256NS-80 


GMM79256NS-10 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast-Page Mode Cycle 
Time 


50 


— 


55 


— 


55 


— 


ns 




tcp 


Fast Page Mode CAS 
Precharge Time 


10 


— 


15 


— 


20 


- 


ns 




tRASC 


Fast Page Mode RAS 
Pulse Width 


— 


100,000 


— 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


45 


— 


50 


— 


55 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


45 


— 


50 


— 


50 


— 


ns 





Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD < tRCD(max) and tRAD < tRADJmax). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that tRCD < tRCD(max) and tRAD > tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRAD(max) is specified as a refer- 
ence point only; if tRAD is greater than the specified tRADJmax) limit, then access time is controlled exclu- 
sively by tAA- 

10. twcs is not restrictive operating parameters. It is included in the data sheet as electrical characteristics only. 
If twcs > twcs (min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance) throughout the entire c ycle. 

11. These param eters are referenced to CAS leading edge in early write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of IOOjus is required after power up followed by a minimum of eight initialization cycles (any 
combination of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter is used, 
a minimum of eight CAS-before-RAS refresh cycles are required. 
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GMM79256NS 



Package Dimensions 



Unit: inches (mm) 



R0.067(1.70) 




3.500(88.90) 



3.234(82.14) 



0.125 DIA. ±0.002(3.1 8 ±0.05) 



nnnnn nnnnn 




nnnnn 




K 


O 


UUUUU UUUUU 




UUUUU 



o 



0.080(2.03) 



0.300(7.62) 



DDDDDnDDDDDDDDDDDDDDDnDD 



*— 0.070(1.78) 



2.900(73.66) 



- 0.100(2,54) 



REF 



0.100(2.54)MIN 



0.080(2.03)MIN 



0.010(0.25)MAX 



H 



0.200(5.08) 



MAX 



0.047(1 .19)MIN 
0.053(1 .35)MAX 



Tolerance: ±0.005(0.13) unless otherwise specified. 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GMM781000S-60/70/80/10 

1,048,576 WORDS x 8 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM781000S is 1M x 8 Dynamic RAM Mod- 
ule organized as 1,048,576 x 8 bits and consists of 
eight 1M bit DRAM (GM71C1000SJ) in 20/26 pin 
small out-line J-form on a 30 pin single in-line 
package. GMM781000S is a socket type memory 
module, suitable for easy exchange or addition of 
module. The GMM781000S provides common 
data inputs and outputs. It's module board has 
decoupling capacitors mounted under each 
DRAM. 



Pin Configuration (Top View) 



Vcc T] 

CAS X] 
DQO T] 

A0 T| 

A1 T] 
DQ1 T] 

A2 T] 

A3 T] 
Vss E 
DQ2 

A4 

A5 
DQ3 

A6 

A7 
DQ4 

A8 



NC 
DQ5 

WE 

Vss 
DQ6 

NC 
DQ7 

NC 
RAS 

NC 

NC 
Vc« 



nnnnn nnnnn 



uuuuu uuuuu 
nnnnn nnnnn 



m 
m 

m 

m 
n] 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 



GM71C1000SJ 

UUUUU uuuuu 
nnnnn nnnnn. 

GM71C1000SJ 

uuuuu uuuuu' 
, nnnnn nnnnn. 

GM71C1000SJ 
' uuuuu uuuuu 1 
.nnnnn nnnnn. 

GM71C1000SJ 
' uuuuu uuuuu 1 
i nnnnn, nnnnn. 



' uuuuu uuuuu ' 
■nnnnn nnnnn. 

GM71C1000SJ 

' uuuuu uuuuu ' 
■nnnnn nnnnn. 

GM71C1000SJ 
' uuuuu uuuuu ' 



Features 

• High Density JEDEC standard 30 pin mounting 
8 pes of 1M DRAM GM71C1000SJ (SOJ) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time and Cycle Time (Unit : ns) 





tRAC 


tcAC 


tRC 


tpc 


GMM781000S-60 


60 


20 


120 


45 


GMM781000S-70 


70 


20 


130 


50 


GMM781000S-80 


80 


25 


160 


55 


GMM781000S-10 


100 


25 


190 


55 



Low Power 

Active: 3,960/3,520/3,080/3,640 mW (MAX) 

Standby: 44mW (CMOS level: MAX ) 

RAS Only Refresh, CAS before RAS Refresh 

Hidden Refresh Capability 

All inputs and outputs TTL Compatible 

512 Refresh Cycles/8 ms 
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GMM781000S 



DQO- 



Block Diagram 
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1 






























1 
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RAS- 
CAS- 
WE - 

vcc- 
vss- 



r^> 



A0-A9 
RAS 
CAS MO 
WE 



£> 



A0-A9 
RAS 

CAS M1 
WE 



£> 



A0-A9 
RAS 

CAS M2 
WE 



£ 



A0-A9 
RAS 
CAS M3 
WE 



DQ4- 



DQ5- 



DQ7-* 



fTO 



A0-A9 
RAS 

CASM4 
WE 



\> 



A0-A9 
RAS 
CAS M5 
WE 



£> 



HI 



A0-A9 
RAS 
CAS M6 
WE 



^> 



A0-A9 

RAS 

CASM7 

WE 



*M0-M7: GM71C1000SJ 
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GMM781000S 



Pin Description 


Pin 


Function 


Pin 


Function 


A0-A9 


Address 


WE 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


Vcc 


Power ( + 5V) 


RAS 


Row Address Strobe 


Vss 


Ground 


CAS 


Column Address Strobe 


NC 


No Connection 



Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


8 


W 



*Note: Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 



Recommenc 


ed Operating Conditions (Ta = 


~ 70°C) 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


Vjl 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All Voltages referenced to Vss 
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GMM781000S 



DC Electrical Characteristics: (Vcc=5V+10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


720 


mA 


1,2 


70ns 


— 


640 


80ns 


— 


560 


100ns 


- 


480 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS=Vih) 


- 


16 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vih, t R c = t R c min) 


60ns 


— 


720 


mA 


2 


70ns 


— 


640 


80ns 


— 


560 


100ns 


— 


480 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tp C min) 


60ns 


— 


640 


mA 


1,3 


70ns 


— 


560 


80ns 


— 


400 


100ns 


— 


400 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS =Vcc- 0.2V) 


- 


8 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRc = tRc min) 


60ns 


— 


640 


mA 




70ns 


— 


560 


80ns 


— 


480 


100ns 


— 


400 


ICC7 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


40 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (0V <Vi N <7V) 

All Other Pins Not Under Test = 0V 


-80 


80 


flA 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<Vqut<7V) 


-20 


20 


/xA 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS=Vil 

3. Address can be changed once or less while CAS=Vm 

AC Electrical Characterstics 

Refer to the GM71C1000/L data sheet for AC characteristics. 

The GMM781000S writes data only in early write cycle (twes > twes (min)). 

Delayed write cycle is not available because of I/O common. 
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GMM781000S 



Capacitance (Vcc = 5V ± 10%, Ta=25°C, f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


60 


pF 


1 


C12 


Input Capacitance (Clocks) 


- 


75 


pF 


1,2 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


- 


17 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable Dout. 



Package Dimensions 



Unit: inches (mm) 



0.133(3.38) 



3.500(88.90) 



3.234(82.14) 



R0.067(1.70) 
MAX 



0.125 D\A.± 0.002(3.1 8 ±0.05) 



0/ 



0.080(2.03)— 
0.300(7.62) 



DDDDDDDDDnnnnDDDDD 



DDDDDDDDDD 



DD 



^-0.070(1.78) 



2.900(73.66) 



F 



100(2.54) 



REF 



0.100(2.54)MIN 



0.080(2.03)MIN 



I 0.010(0.25)MAX 



H 



0200(5.08) 



MAX 



i| 0.047(1 .19)MtN 
~* 11 " 0.053(1 .35)MAX 



Tolerence: ±0.005(0.13) unless otherwise specified. 
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kSSJ GOLDSTAR ELECTRON CO., LTD. 



GMM78 1000NS-60/70/80 

1,048,576 WORDSx8 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM781000NS is a 1Mx8 bits Dynamic 
RAM Module, mounted 2 pieces of 4M bit 
DRAM (GM71C4400AJ, 1Mx4) sealed in 20 pin 
SOJ package. The GMM781000NS is a socket type 
memory module, suitable for easy interchange or 
addition of module. The GMM781000NS provides 
common data inputs and outputs. 
It's module board has decoupling capacitors 
mounted for each DRAM. 



Pin Configuration (Top View) 







O 


Vcc 


.11 




CAS 


n 




DQO 


i] 

3 d 




A0 




1 


A1 


1] f 


3 


D 


DQ1 
A2 


JO c 


o 


2 
2 


A3 
Vss 




£ 

2 


2 
2 
1 


DQ2 


m 


O 


2 

1 


A4 






A5 


m 




DQ3 


13] 




A6 








A7 
DQ4 


< 

8 


2 
2 
1 


A9 


m F 


2 
1 


NC 


181 , 


o 




NC 


191 L 


r- 


J 
2 


DQ5 


Ml [= 




2 
1 


WE 


m c 




2 


Vss 


u 




DQ6 


23l F 


=3 CZ=] 

B s 

1 1 1 


NC 


E] N 


DQ7 


g 




NC 


1U n 


-1 l 1 


RAS 


27| h 


3 s 


NC 


28l != 


_) 1 1 

=3 CZZ1 


NC 


291 




Vcc 


m 


o 



Features 

• High Density Standard 30 pin mounting 2 pes 
of 4M DRAM GM71C4400AJ (SOJ) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit*, ns) 





tRAC 


tcAC 


tRC 


tpc 


GMM781000NS-60 


60 


15 


110 


40 


GMM781000NS-70 


70 


20 


130 


45 


GMM781000NS-80 


80 


20 


150 


50 



• Low Power 

Active: 1210/1100/990 mW (MAX) 
Standby: llmW (CMOS level: MAX ) 

• RS5 Only Refresh, CSS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 1024 Refresh Cycles/16ms 

Block Diagram 



A0-A9 . 

RAS - 
CAS- 
WE - 



F> 



A0-A9 |/01 

RAS I/02 

CAS I/03 

WE I/04 

OE 

Vcc Vss 



L^C> 



GM71C4400AJ 

DQO 

DQ1 

DQ2 

DQ3 



lr 



A0-A9 

RAS 
CAS 
WE 



1/01 
I/02 
I/03 
I/04 



OE 



Vcc Vss 

Jhi4 



GM71C4400AJ 

DQ4 

: DQ5 

DQ6 

DQ7 



Ih 



Vcc" 
Vss- 
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GMM781000NS 



Pin Description 


Pin 


Function 


Pin 


Function 


A0-A9 


Address 


We 


Read/Write Enable 


DQ0-DQ7 


Data Input/ Data Output 


Vcc 


Power ( + 5V) 


RAS 


Row Address Strobe 


Vss 


Ground 


CAS 


Column Address Strobe 


NC 


No Connection 



Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 

Absolute Maximum Ratings* 



Symbol 


Parameter 


Values 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


2.0 


W 



*Note: Stress greater than above under "Absolute Maximum Ratings" may cause permanent damage to the device. 
Recommended Operating Conditions (Ta = ~ 70°C) 



Symbol 


Parameter 


MIN 


TYP 


MAX 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1 All voltages referenced to Vss 



166 



GMM781000NS 



DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


- 


220 


mA 


1,2 


70ns 


- 


200 


80ns 


- 


180 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vi H ) 


- 


4 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vm, t R c = t R c min) 


60ns 


- 


220 


mA 


2 


70ns 


- 


200 


80ns 


- 


180 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: tpc = t PC min) 


60ns 


— 


220 


mA 


1,3 


70ns 


- 


200 


80ns 


- 


180 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
[RKE, CAS = Vcc- 0.2V) 


- 


2 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


60ns 


- 


220 


mA 




70ns 


- 


200 


80ns 


- 


180 


ICC7 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


10 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (OV<Vin<7V) 

All Other Pins Not Under Test = 0V 


-20 


20 


M 




IO(L) 


Output Leakage Current 

(Dout is Disabled, OV<V ut<7V) 


-10 


10 


iik 





Note: 1. Ice depends on output loading condition when the device 
put open condition. 

2. Address can be changed less than three tim es w hile RAS 

3. Address can be changed once or less while CAS = Vih 



is selected. Ice (max) is specified at the out- 

= VlL 



AC Electrical Characteristics 

Refer to the GM71C4400A/AL.data sheet for AC characteristics. 

The GMM781000NS writes data only in early write cycle (twcs>twcs(niin)). 

Delayed write cycle is not available because of I/O common. 
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GMM781000NS 



Capacitance(Vcc=5V ± 10%, Ta=25°C, f=lMHz) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


20 


pF 


1 


C12 


Input Capacitance (Clocks) 


- 


20 


pF 


1,2 


Cuo 


I/O Capacitance (DQP-DQ7) 


- 


17 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable Dqut- 



Package Dimensions 



Unit: inches (mm) 



0.133(3.38) 




R0.067(1.70) 
/ MAX 



.nnnnn nnnnn. 



0.080(2.03)— 



uuuuu — uuuuu ' 



3.500(88.90) 



3.234(82.14) 



0.1 25 DIA. dr 0.002(3.1 8 ±0.05) 



nnnnn nnnnn 



' uuuuu — UUUUU ' 



O 



DDDDDD 



0.300(7.62) 



nnDDDDDDDDnDnnnnnnDDDDD 



— 0.070(1.78) 



2.900(73.66) 



- 0.100(2.54) 



REF 



0.100(2.54)MiN 



0.080(2.03)MIN 



0.010(0.25)MAX 



H 



0200(5.08) 



MAX 



0.047(1 .19)M1N 



0.053(1 .35)MAX 
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S3 GoldStar 

i£2A GOLDSTAR ELECTRON CO., LTD. 



GMM791000S 60/70/80/10 

1,048,576 WORDSx9 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM791000S is 1M x 9 Dynamic RAM Mod- 
ule organized as 1,048,576 x 9 bits and consists of 
nine 1M bit DRAM (GM71C1000SJ) in 20/26 pin 
small out-line J-form on a 30 pin single in-line 
package. GMM791000S is a socket type memory 
module, suitable for easy exchange or addition of 
module. The GMM791000S provides common 
data inputs and outputs, and also provides sepa- 
rate I/O on parity bit for parity check. It's mod- 
ule board has decoupling capacitors mounted 
under each DRAM. 



Pin Configuration (Top View) 



Vcc 

CAS 

DQ0 

A0 

A1 

DQ1 

A2 

A3 



DQ2 

A4 

A5 
DQ3 

A6 
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DQ4 

A8 

A9 
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DQ5 
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pcAs MD 
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o 
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m 
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o 



Features 

• High Density JEDEC standard 30 pin mounting 
9 pes of 1M DRAM GM71C1000SJ (SOJ) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit: ns) 





tRAC 


tcAC 


tRC 


tpc 


GMM791000S-60 


60 


20 


120 


45 


GMM791000S-70 


70 


20 


130 


50 


GMM791000S-80 


80 


25 


160 


55 


GMM791000S-10 


100 


25 


190 


55 



• Low Power 

Active: 4,455/3, 960/3, 465/2, 970mW (MAX) 
Standby: 49.5mW (CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 512 Refresh Cycles/8ms 
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GMM791000S 



DQO- 



Block Diagram 
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A0~ A9_ 

RAS" 

CAS- 

PCAS- 

WE- 



vcc- 
vss- 



^> 



D 

A0-A9 
RAS 
CAS M0 
WE 



^> 



A0-A9 
RAS 

CAS M1 

WE 



£> 



A0-A9 
RAS 
CASM2 
WE 



7> 



A0-A9 
RAS 
CAS M3 
WE 



DQ4- 



DQ5- 



DQ6— * 



DQ7- 



^C> 



A0-A9 
RAS 

CAS M4 

WE 



> 



A0-A9 
RAS 
CASM5 
WE" 



£> 



A0-A9 
RAS 
CAS M6 
WE 



> 



A0-A9 
RAS 
CAS M7 
WE 



• l^> 



A0-A9 
RAS 

CAS M8 

WE 



<HH> 



*M0-M8: GMM71C1000SJ 
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GMM791000S 



Pin Description 


Pin 


Function 


Pin 


Function 


A0-A9 


Address 


We 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


pd 


Data In for Parity 


RAS 


Row Address Strobe 


PQ 


Data Out for Parity 


CAS 


Column Address Strobe 


Vss 


Ground 


PCAS 


CAS for Parity 


Vcc 


Power ( + 5V) 


NC 


No Connection 







Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 

Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


9 


W 



*Note: Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 

Recommended Operating Conditions (Ta=0 ~ 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc = 5V 


±10%, Ta = 0~ 


~70°C) 








Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VoH 


Output Level 

Output "H" Level Voltage (Iout = -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


— 


810 


mA 


1,2 


70ns 


— 


720 


80ns 


— 


630 


100ns 


- 


540 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih) 


- 


18 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vih, t R c = t R c min) 


60ns 


— 


810 


mA 


2 


70ns 


— 


720 


80ns 


— 


630 


100ns 


— 


540 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tpc min) 


60ns 


— 


720 


mA 


1,3 


70ns 


— 


630 


80ns 


— 


450 


100ns 


— 


450 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = Vcc- 0.2V) 


- 


9 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRc = tRc min) 


60ns 


— 


720 


mA 




70ns 


— 


630 


80ns 


— 


540 


100ns 


— 


450 


ICC7 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


45 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (0V<Vin<7V) 

All Other Pins Not Under Test = 0V 






-10 


10 


juA 




PD, PC AS 


ADDR, RAS, Cl 


lS, WE 


-90 


90 


IO(L) 


Output Leakage Current 


PQ 


-10 


10 


fxA 




(Dqut is Disabled, 0V<Vout<7V) 




DQ 


-20 


20 



Note: 1. Ice depends on output loading condition when the device 
put open condition. 

2. Address can be changed less than three tim es w hile RAS 

3. Address can be changed once or less while CAS = Vih 



is selected. Ice (max) is specified at the out- 

= Vil 



AC Electrical Characterstics 

Refer to the GM71C1000/L data sheet for AC characteristics. 

The GMM791000S writes data only in early write cycle (twcs>twcs (min)] 

Delayed write cycle is not available because of I/O common. 
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Capacitance (Vcc = 5V ± 10%, Ta=25°C / f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


60 


pF 


1 


C12 


Input Capacitance (Clocks) 


— 


75 


pF 


1,2 


C13 


Input Capacitance (PD) 


— 


10 


pF 


1 


C14 


Input Capacitance (PC AS) 


— 


10 


pF 


1 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


— 


17 


pF 


1,2 


Co 


Output Capacitance (PQ) 


- 


12 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable Dqut- 



Package Dimensions 



Unit: inches (mm) 



0.133(3.38) 



$.- 



3.500(88.90) 



3.234(82.14) 



R0.067(1.70) 
MAX 



0.125 DIA.db0.002(3.18 ±0.05) 



^ 



0.080(2.03)-^ 
0.300(7.62) 



e- 



D 



□D 



DDDDDDDDDDDDDDnDD 



DD 



D 



\Q 



DDDnDDD 



Vo. 



.070(1.78) 



TP^ 



,100(2.54) 



2.900(73.66) 



REF 



0.100(2.54)MIN 



0.080(2.03)MIN 



0.010(0.25)MAX 



H 



0.200(5.08) 



MAX 



0.047(1 ,19)MIN 



0.053(1 .35)MAX 



Tolerance: ±0.005(0.13) unless otherwise specified. 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GMM791000NS-60/70/80 

1,048,576 WORDSx9 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM791000NS is a 1Mx9 bits Dynamic 
RAM Module, mounted 2 pieces of 4M bit 
DRAM (GM71C4400AJ, 1Mx4) sealed in 20 pin 
SOJ package and an 1M bit DRAM (GM 71C- 
1000SJ, lMxl) in 20 pin SOJ package. The 
GMM791000NS is a socket type memory module, 
suitable for easy interchange or addition of mod- 
ule. The GMM791000NS provides common data 
inputs and outputs, and also provides separate I/O 
on parity bit for parity check. It's module board 
has decoupling capacitors mounted under each 
DRAM. 



Pin Configuration (Top View) 







n 


Vcc 


n w 


CAS 


XI 


DQO 


zi 


A0 


s , 






A1 


"51 F 


D 


1 


DQ1 


11 L r 


^1 


J 

1 


A2 


71 L 


O 


J 


A3 

Vss 

DQ2 




! 


3 

: 

: 

3 


A4 


n\ 






A5 


H3 






DQ3 


m f 


o 


3 


A6 
A7 


15| c 


o 


3 
3 
3 


DQ4 


16 I c 


■&> 


3 


A8 


17] L r 


O 

o 


J 

1 


A9 


m e 


> 


3 

3 


NC 


m 






DQ5 


20] 


WE 


2ll r 




3 


Vss 


22] |= 


£ 


J 
3 


DQ6 


23] }= 




J 
3 


NC 


IS r 


o 




DQ7 


25j f 


o 

75 


3 
1 


PQ 


O] c 
^ 




3 

3 


RAS 






PCAS 


28] 


PD 


a] 


Vcc 


s o 



Features 

• High Density Standard 30 pin mounting 2 pes 
of 4M DRAM and an 1M DRAM 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit: ns) 





tRAC 


tcAC 


tRC 


tpc 


GMM791000NS-60 


60 


20 


120 


45 


GMM791000NS-70 


70 


20 


130 


50 


GMM791000NS-80 


80 


25 


160 


55 



• Low Power 

Active: 1, 705/ 1,540/ 1,3 75m W (MAX) 
Standby: 16.5mW (CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 1024 Refresh Cycles/16ms 



Block Diagram 



GM71C4400AJ 



A0-A9 " 

RAS - 
CAS- 
WE- 



PCA5- 



FD 



A0-A9 
RAS 
CAS 
WE 



1/01 
I/02 
I/03 
I/04 
OE 



Vcc Vss 



^ 



HH' 



-DQO 
-DQ1 
-DQ2 
-DQ3 



"ir 



GM71C4400AJ 



A0-A9 |/01 

RAS I/02 

CAS I/03 

WE I/04 

OE 
Vcc Vss 



^> 



,-IW 



-DQ4 
-DQ5 
-DQ6 
-DQ7 



lr 



GM71C1000SJ 



Vcc- 
v S s- 



A0-A9 

RAS DoUT 

CAS D 'N 

WE 

Vcc Vss 



"PQ 
-PD 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A9 


Address 


WE 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


PD 


Data In for Parity 


RAS 


Row Address Strobe 


PQ 


Data Out for Parity 


CAS 


Column Address Strobe 


Vss 


Ground 


PCAS 


CAS for Parity 


Vcc 


Power ( + 5V) 


NC 


No Connection 







Note: 1. Common CAS control for eight common data-in and data-out lines. 

2. The common control for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


3.0 


W 



*Note: Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage to 
the device. 



Recommended Operating Conditions (Ta = 


~ 70°C) 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


l 


Vffl 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All Voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 


Parameter 


Min 


Max 


Unit 


Note 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


- 


310 


mA 


1,2 


70ns 


- 


280 


80ns 


- 


250 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih) 


- 


6 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = V m , t RC = t RC min) 


60ns 


- 


310 


mA 


2 


70ns 


- 


280 


80ns 


- 


240 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tpc min) 


60ns 


- 


300 


mA 


1,3 


70ns 


- 


270 


80ns 


- 


230 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = V C c- 0.2V) 


- 


3 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = t R c mm) 


60ns 


- 


300 


mA 




70ns 


- 


270 


80ns 


- 


240 


ICC7 


Standby Current RAS = Vm 

CAS = Vil 
Dout = Enable 


~ 


15 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (0V<Vin^7V) 

All Other Pins Not Under Test = 0V 






-10 


10 


fiA 




PD, PCAS 


ADDR., RAS, CAS,WE 


-30 


30 


IO(L) 


Output Leakage Current 

(Dqut is Disabled, 0V<Vqut<7V) 


-10 


10 


ixk 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS=Vm 
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Capacitance (Vcc = 5V ± 10%, Ta = 25°C, f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


25 


pF 


1 


C12 


Input Capacitance (Clocks) 


- 


25 


pF 


1,2 


Cl3 


Input Capacitance (PD) 


- 


10 


pF 


1 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


- 


15 


pF 


1,2 


Co 


Output Capacitance (PQ) 


- 


10 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable Dout- 

AC Electrical Characteristics (Vcc = 5V±10%, Ta = 0~70°C, Note 1, 14) 

The GMM791000NS writes data only in early write cycle (twcs>twcs(min)). 
Delayed write cycle is not available because of I/O common. 



Read, Write and Refresh Cycles (Common 


Parameters) 










Symbol 


Parameter 


GMM791000NS-60 


GMM791000NS-70 


GMM791000NS-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


120 


— 


130 


— 


160 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


50 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


12 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


22 


55 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


ns 


9 


tRSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


- 


16 


ms 
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Read Cycle 



Symbol 


Parameter 


GMM791000NS-60 


GMM791000NS-70 


GMM791000NS-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


30 


— 


35 


- 


40 


ns 


3,5 


tRCS 


Read Command Set-up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time to 
CAS 





— 





— 





- 


ns 




tRRH 


Read Command Hold Time to 
RAS 


10 


- 


10 


— 


10 


- 


ns 




tRAL 


Column Address to RAS Lead 
Time 


30 


— 


35 


— 


40 


— 


ns 




tOFF 


Output Buffer Turn-off Delay Time 


- 


20 


- 


20 


- 


20 


ns 


6 



Write Cycle 



Symbol 


Parameter 


GMM791000NS-60 


GMM791000NS-70 


GMM791000NS-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up Time 





~ 





- 





- 


ns 


10 


twCH 


Write Command Hold Time 


15 


- 


15 


- 


20 


- 


ns 




twp 


Write Command Pulse Width 


10 


- 


10 


- 


10 


- 


ns 




tRWL 


Write Command to RAS Lead 
Time 


20 


— 


20 


— 


25 


— 


ns 




tcWL 


Write Command to CAS Lead 
Time 


20 


— 


20 


— 


25 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


Refresh 


Cycle 


















Symbol 


Parameter 


GMM791000NS-60 


GMM791000NS-70 


GMM791000NS-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


— 


10 


— 


10 


— 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


15 


— 


15 




20 


— 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


— 


10 


— 


10 


— 


ns 
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Fast Page Mode Cycle 


Symbol 


Parameter 


GMM791000NS-60 


GMM791000NS-70 


GMM791000NS-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle 
Time 


45 


— 


50 


— 


55 


- 


ns 




tcp 


Fast Page Mode CAS 
Precharge Time 


10 


— 


10 


- 


10 


- 


ns 




tRASC 


Fast Page Mode RAS 
Pulse Width 


— 


100,000 


— 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


40 


— 


45 


— 


50 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


40 


— 


45 


- 


50 


- 


ns 





Notes : 

1. AC measurements assume tT = 5ns. 

2. Assumes that tRCD < tRCD(max) and tRAD < tRAD(max). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2 TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that ircd < tRCD(max) and tRAD > tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViLJmax) are reference levels for measuring timing of input signals. Also transition times are 
measured between Vih and Vil- 

8. Operation with the tRCD(max) limit insures that tRAc(niax) can be met. tRCD(max) is specified as a refer- 
ence point only: if tRCD is greater than the specified tRCD(niax) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met. tRADJmax) is specified as a refer- 
ence point only: if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by tAA. 

10. twcs is not restrictive operating parameters. It is included in the data sheet as electrical characteristics only. 
If twcs > twcs(niin), the cycle is an early write cycle and the data out pin will remain open circuitjhigh 
impedance) throughout the entire cycle. 

11. These param eters are referenced to CAS leading edge in early write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 /-is is required after power up followed by a minimum of eight initialization cycles 
(any combination of cycles co ntain ing RA S clo ck such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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Package Dimensions 



Unit: inches (mm) 




3.500(88.90) 



3.234(82.14) 



R0.067(1.70)MAX 



0.125 DIA.db 0.002(3.1 8 ±0.05) 



,nnnnn nnnnn. 



juuuu — uuuu 



nnnnn nnnnn 



UUUUU UUUUL 



.nnnnn — nnnnn. 



'uuuuu — uuuuu ' 



DDDDDDDDDnnDDDDnnnDnDDDDnnnDDD 



0.300(7.62) 



^Pa 



.070(1.78) — *| |—0.100(2.54) 
2.900(73.66) 



REF 



0.100(2.54)MIN 



0.080(2.03)MIN 



0.010(0.25)MAX 



H 



0.200(5.08) 



MAX 



0.047(1 .19)MIN 



0.053(1 .35)MAX 



Tolerance: ±0.005(0.13) unless otherwise specified. 
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GMM784000S-60/70/80 

4,194,304 WORDS x 8 BIT 

GMM794000S-60/70/80 

4,194,304 WORDS x 9 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM78(9)4000S is 4M x 8(9) Dynamic RAM 
MODULE organized as 4,194,304x8(9) bits and 
consists of eight(nine) 4M bit DRAM(GM71C4100- 
AJ) in 20/26 pin small out-line J-form on a 30 pin 
single in-line package. These are a socket type 
memory module, suitable for easy interchange or 
addition of module, and provide common data in- 
puts and outputs. It's module board has decou- 
pling capacitors mounted under each DRAM. 
The GMM794000S provides separate I/O on par- 
ity bit for parity check. 

Pin Configuration (Top View) 



GM71C4100AJ 



GM71C4100AJ 
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yi .nnnnn, 
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Features 

• High Density JEDEC standard 30 pin 
mounting 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit: ns 





tRAC 


tCAC 


tRC 


tpc 


GMM78(9)4000S-60 


60 


15 


110 


40 


GMM78(9)4000S-70 


70 


20 


130 


45 


GMM78(9)4000S-80 


80 


20 


150 


50 



• Low Power 

Active 

- 4Mx8: 4,840/4,400/3,960 mW(MAX) 

- 4Mx9: 5,445/4,950/4,455 mW(MAX) 
Standby 

- 4Mx8: 44.0 mW(CMOS level: MAX) 
-4Mx9: 49.5 mW(CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS Refresh, 
Hidden Refresh Capability 

• All inputs and outputs TTL Compatible 

• 1,024 Refresh Cycles/16ms 



Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


1 


Vcc 


11 


A4 


21 


WE 


2 


CAS 


12 


A5 


22 


Vss 


3 


DQ0 


13 


DQ3 


23 


DQ6 


4 


A0 


14 


A6 


'24 


NC 


5 


Al 


15 


A7 


25 


DQ7 


6 


DQ1 


16 


DQ4 


26 


P Q*2 


7 


A2 


17 


A8 


27 


RAS 


8 


A3 


18 


A9 


28 


PCAS* 2 


9 


Vss 


19 


A10 


29 


PD* 2 


10 


DQ2 


20 


DQ5 


30 


Vcc 



*NOTE: 1. This component is not included in the 
GMM784000S. 
2. In case of GMM784000S, Pin 26, 28 and Pin 
29 are not connected. 
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Block Diagram 
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^> A0- 



D Q 

A0-A10 
RAS M1 
CAS 
WE 



£> 



A0-A10 
RAS M2 
CAS 
WE 



F> 



D Q 

A0-A10 

RAS M3 

CAS 

WE 



GMM784000S 
GMM794000S 



DQ4« 



ni> 



DQ5- 



DQ6- 



DQ7- 



PD- 



D Q 

A0-A10 

RAS M4 

CAS 

WE 



£> 



D Q 

A0-A10 

RAS M5 

CAS 

WE 



n>- 



s 



D Q 

A0-A10 

RAS M6 

CAS 

WE 



P- 



D Q 

A0-A10 
RAS M7 

CAS 
WE 



U 



„ |U> 



D Q| — PQ 

A0-A10 



RAS *1 
M8 



CAS 
WE 



Fi 



Note: 1 . This component is not included in the GMM7 84000S. 

2. In case of GMM784000S, PD, PQ and PCAS pin are not connected. 

3. M0.M8: GM71C4100AJ 
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Pin Description 


Pin 


Function 


Pin 


Function 


A0-A10 


Address 


WE 


Read/Write Enable 


DQ0-DQ7 


Data Input/Data Output 


PD 


Data in for Parity 


RAS 


Row Address Strobe 


PQ 


Data out for Parity 


CAS 


Column Address Strobe 


Vcc 


Power ( + 5V) 


PCAS 


CAS for Parity 


V ss 


Ground 


NC 


No Connection 







Note: 1. Common CAS controls for eight common data-in and data-out lines. 

2. The common controls for one separate pair of data-in and data-out lines. 

3. The common I/O feature dictates the use of only early write operations to prevent contention on 
data-in and data-out. 



Absolute Maximum Ratings 



• l 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


8/9* 2 


W 



*Note: 1. Stress greater than above listed under "Absolute Maximum Ratings" may cause permanent damage 
to the device. 
2. In case of GMM794000S. 



Recommended Operating Conditions (Ta = C 


1 ~ 70°C) 








Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


ViH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All Voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 








GMM784000S 


GMM794000S 


Unit 


Note 


Parameter 


Min 


Max 


Min 


Max 


V H 


Output Level 

Output "H" Level Voltage (Iout= -5mA] 


2.4 


Vcc 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: t R c-t R c min) 


60ns 


- 


880 


- 


990 


mA 


1,2 


70ns 


- 


800 


- 


900 


80ns 


- 


720 


- 


810 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vm, DouT = High-Z) 


- 


16 


- 


18 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Refresh Mode 
(RAS Cycling, CAS = Vih, tR C = t R c min) 


60ns 


- 


880 


- 


990 


mA 


2 


70ns 


- 


800 


- 


900 


80ns 


- 


720 


- 


810 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t P c = t P c min) 


60ns 


- 


880 


- 


990 


mA 


1,3 


70ns 


- 


800 


- 


900 


80ns 


- 


720 


- 


810 


ICC5 


Standby Current (CMOS) 

Power Supply Standby Current 

(RAS, CAS=Vcc-0.2V, D OU T = High-Z) 


- 


8 


- 


9 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRC min) 


60ns 


- 


880 


- 


990 


mA 




70ns 


- 


800 


- 


900 


80ns 


- 


720 


- 


810 


ICC7 


Standby Current RAS=Vih 
CAS = Vil 
Dout = Enable 


- 


40 


- 


45 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (OV<Vin<7V) 

All Other Pins Not Under Test = OV 






- 


- 


-10 


10 


/xA 


4 


PD, PCAS 


ADDR.,RAS,CAS r WE 


-80 


80 


-90 


90 




IO(L) 


Output Leakage Current 


PQ 


- 


- 


-10 


10 


fiA 


4 


(Dout is Disabled, OV<Vqut<7V) 




DQ 


-20 


20 


-20 


20 





Note) 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS = Vm 

4. In case of GMM794000S. 
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Capacitance (Vcc = 5V ± 10%, Ta = 25°C / f=lMHz) 


Symbol 


Parameter 


Min 


Max 


Unit 


Note 


Cn 


Input Capacitance (Address) 


- 


60 


pF 


l 


Cl2 


Input Capacitance (Clocks) 


- 


75 


pF 


1,2 


Cl3 


Input Capacitance (PD) 


- 


10 


PF 


1,3 


C14 


Input Capacitance (PCAS) 


- 


10 


pF 


1,3 


Ci/o 


I/O Capacitance (DQ0-DQ7) 


— 


17 


pF 


1,2 


Co 


Output Capacitance (PQ) 


- 


12 


pF 


1,2,3 



Note: 1. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 

2. CAS = Vih to disable Dout- 

3. In case of GMM794000S. 

AC Electrical Characteristics (Vcc = 5V±10%, Ta = to +70°C, Note 1, 14) 

The GMM78(9)4000S writes data only in early write cycle (twcs>twcs|min)). 
Delayed write cycle is not available because of I/O common. 



Read, Write and Refresh Cycles (Common 


Parameters) 










Symbol 


Parameter 


GMM78(9)4000S-60 


GMM78(9)4000S-70 


GMM78(9)4000S-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write 
Cycle Time 


110 


- 


130 


— 


150 


- 


ns 




tRP 


RAS Precharge Time 


40 


- 


50 


— 


60 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


ns 




tASC 


Column Address Set-up 
Time 





- 





- 





- 


ns 




tCAH 


Column Address Hold 
Time 


15 


- 


15 


- 


15 


- 


ns 




tRCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


15 


40 


ns 


9 


tRSH 


RAS Hold Time 


15 


- 


20 


- 


20 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


- 


10 


- 


10 


- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


— 


16 


- 


16 


ms 
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Read Cycle 


Symbol 


Parameter 


GMM78(9)4000S-60 


GMM78(9)4000S-70 


GMM78(9)4000S-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


15 


- 


20 


- 


20 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


30 


— 


35 


— 


40 


ns 


3,5 


tRCS 


Read Command Set-up 
Time 





— 





— 





- 


ns 




tRCH 


Read Command Hold 
Time to CAS 





— 





— 





— 


ns 




tRRH 


Read Command Hold 
Time RAS 





- 





— 





- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


30 


— 


35 


— 


40 


— 


ns 




tOFF 


Output Buffer Turn-off 
Time 





15 





20 





20 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GMM78{9J4000S-60 


GMM78(9)4000S-70 


GMM78(9)4000S-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





- 





— 





- 


ns 


10 


twCH 


Write Command Hold 
Time 


15 


— 


15 


— 


15 


- 


ns 




twp 


Write Command Pulse 
Width 


10 


— 


10 


— 


10 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


15 


— 


20 


— 


20 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


15 


- 


20 


— 


20 


- 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


n 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


15 


— 


ns 


n 


Refresh Cycle 


Symbol 


Parameter 


GMM78(9)4000S-60 


GMM78(9)4000S-70 


GMM78(9)4000S-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time (CAS- 
before-RAS Refresh Cycle) 


10 


- 


10 


— 


10 


- 


ns 




tCHR 


CAS Hold Time (CAS- 
before-RAS Refresh Cycle) 


10 


- 


10 


— 


10 


— 


ns 




tRPC 


RAS Precharge to CAS 
Hold Time 


10 


- 


10 


— 


10 


— 


ns 




tCPN 


CAS Precharge time 
in Normal Mode 


10 


- 


10 


— 


10 


— 


ns 
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Fast Page Mode Cycle 


Symbol 


Parameter 


GMM78(9)4000S-60 


GMM78(9)4000S-70 


GMM78(9)4000S-80 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle 
Time 


40 


- 


45 


— 


50 


- 


ns 




tcp 


Fast Page Mode CAS 
Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




tRASC 


Fast Page Mode RAS 
Pulse Width 


— 


100,000 


- 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


- 


35 


— 


40 


— 


45 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


35 


- 


40 


— 


45 


— 


ns 





Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that t RCD < t RC D(max) and tRAD < tRAD(max). If t RC D or t RAD is greater than the maximum recom- 
mended value shown in this table, t R AC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that t R cD > t R cD(max) and t R AD < t R AD(max). 

5. Assumes that t R cD < t R CD(max) and t R AD > t R AD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and Vi L (max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil- 

8. Operation with the t RC D(max) limit insures that t RA c(max) can be met, t RC D(max) is specified as a refer- 
ence point only, if t RC D is greater than the specified t R c D (max) limit, then access time is controlled exclu- 
sively by tcAC- - 

9. Operation with the t RA D(max) limit insures that t RA c(max) can be met, t RA D(max) is specitied as a refer- 
ence point only, if t RA D is greater than the specified t RA D(max) limit, then access time is controlled exclu- 
sively by tAA- 

10. twcs is not restrictive operating parameters. It is included in the data sheet as electrical characteristics only. 
If twcs > twcs(min), the cycle is an early write cycle and the data out pin will remain open circuit(high 
impedance) throughout the entire cy cle. 

11. These parameters are referenced to CAS leading edge in early write cycles. 

12. t R ASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or iacp- 

14. An initial pause of 100 ps is required after power up followed by a minimum of eight initialization cycles 
(any combination of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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Package Dimensions 



Unit: inches (mm) 



3.500(88.90) 




-\ 



0.200(5.08) 



MAX 



0.047(1 .19)MIN 



0.053(1 .35)MAX 



Tolerance: ±0.005(0.13) unless otherwise specified. 

*Note: There is no component in the GMM784000S. 
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GMM732 1000SG-60/70/80 
1,048,576 WORDS x 32 BIT 

GMM7322000SG-60/70/80 

2,097,152 WORDS x 32 BIT 

CMOS DYNAMIC RAM MODULE 



Description 

The GMM7321000SG is a 1Mx32 bits dynamic 
RAM MODULE which is assembled 8 pieces of 
1Mx4 bit DRAMs in 20/26 pin SOJ package on 
single side the printed circuit board with decoupl- 
ing capacitors. 

The GMM7322000SG is a 2Mx32 bits dynamic 
RAM MODULE which is assembled 16 pieces of 
1Mx4 bit DRAMs in 20/26 pin SOJ package on 
both sides the printed circuit board with decoupl- 
ing capacitors. 

These are optimized for application to the systems 
which are required high density and large capac- 
ity such as main memory of the computers and 
an image memory systems, and to the others 
which are requested compact size. These provide 
common data inputs and outputs. 

GMM7321000SG(Single Side) 



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn^ - ^nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 

1 36 37 72 



GMM7322000SG(Both Side) 



DDODD 
00000 



OOODO 
00OD0 



00000 OOODO 



00000 00000 



00000 00000 
00000 00000 00000 00000 00000 00000 

unnnnnnnnn^ - ^mnnnnnnnnnnnnnnnf 




Features 

• 72 pins Single In-Line Package (Gold plate) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time T T . 

[Unit: ns) 





tRAC 


tcAC 


tRC 


tpc 


lM/2Mx 32-60 


60 


15 


110 


40 


1M/2MX 32-70 


70 


20 


130 


45 


1M/2MX 32-80 


80 


20 


150 


50 



Low Power 
Active 

- 1Mx32: 4,840/4,400/3,960 mW(MAX) 

- 2Mx32: 4,928/4,488/4,048 mW(MAX) 
Standby 

- 1Mx32: 44 mW(CMOS level: MAX) 

- 2Mx32: 88 mW(CMOS level: MAX) 
MS Only Refresh, CAS before RAS refresh 
Hidden Refresh 

All inputs and outputs TTL Compatible 
1024 Refresh Cycles/16 ms 



Pin 


Configuration (Top View) 






Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


1 


Vss 


19 


NC 


37 


NC 


55 


DQn 


2 


DQo 


20 


DQ 4 


38 


NC 


56 


DQ27 


3 


DQie 


21 


DQ20 


39 


Vss 


57 


DQ12 


4 


DQi 


22 


DQ 5 


40 


CASo 


58 


DQ28 


5 


DQ17 


23 


DQ21 


41 


CAS 2 


59 


Vcc 


6 


DQ 2 


24 


DQ 6 


42 


CAS3 


60 


DQ29 


7 


DQis 


25 


DQ22 


43 


CASi 


61 


DQ13 


8 


DQ3 


26 


DQ 7 


44 


RASo 


62 


DQ30 


9 


DQ19 


27 


DQ23 


45 


RASf 1 


63 


DQ14 


10 


Vcc 


28 


A 7 


46 


NC 


64 


DQ31 


11 


NC 


29 


NC 


47 


WE 


65 


DQ15 


12 


Ao 


30 


Vcc 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQg 


67 


PDi 


14 


A 2 


32 


A 9 


50 


DQ24 


68 


PD 2 


15 


A 3 


33 


RAS3* 1 


51 


DQ9 


69 


PD3 


16 


A4 


34 


RAS 2 


52 


DQ25 


70 


PD4 


17 


A 5 


35 


NC 


53 


DQ10 


71 


NC 


18 


A 6 


36 


NC 


54 


DQ26 


72 


Vss 



*Note 1. In case of GMM7321000SG, Pin 33 and Pin 45 are no 
connection. 
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Block Diagram 

• GMM7321000SG 



CASOO 
RASO 



CAS1 O- 



JT 



CAS 
RAS 
OE 



WE 



} 1/01 

I/02 

I/03 

A0-A9 |/04 



r 



CAS 
RAS 
OE 



1/01 

I/02 

I/03 

A0-A9 |/04 



r 



CAS 
RAS 
OE 



1/01 

I/02 
I/03 
I/04 



JT 



CAS 
RAS 
OE 



WE 



A0-A9 



1/01 
I/02 
I/03 
I/04 



CAS2 0- 
RAS2 0- 



CAS3 0- 



r 



CAS 
RAS 
OE 



M4 



A0-A9 



1/01 
I/02 
I/03 
I/04 



JT 



CAS 
RAS 
OE 



WE 



A0-A9 



1/01 
I/02 
I/03 
I/04 



CAS 
RAS 



OE — 
WE 



M6 



A0-A9 



1/01 
I/02 
I/03 
I/04 



JT 



CAS 
RAS 

51 WE 



A0-A9 



1/01 
I/02 
I/03 
I/04 



WE O 
A0-A9O- 

Vcc O- 



! C0-C7 



Vss O- 



■ M0-M7 
• M0-M7 



-ODQo 
-ODQi 
-ODQa 
-ODQ3 



-ODQ4 
-ODQs 
-ODQe 
-ODQ7 



-ODQe 
-ODQ9 
-O DQ10 
-ODQ11 



-ODQ12 
-O DQ13 
-O DQ14 
-O DQ15 



-ODQ16 
-O DQ17 
-O DQ18 
-O DQ19 



-ODQ20 
-O DQ21 
-O DQ22 
-O DQ23 



-ODQ24 
-O DQ25 
-O DQ26 
-O DQ27 



-ODQ28 
-O DQ29 
-O DQ30 
-O DQ31 



*M0-M7:GM71C4400AJ 
CO - C7 : 0.22^ F capacitors 
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Block Diagram 

• GMM7322000SG 



RASOO- 



CAS 
RAS 
CE 



1/01 

I/02 

I/03 

A0-A9 l/Q4 



1/01 

I/02 ^ 

I/03 " 

I/04 A0 . A9 



WE 



CAS 
RAS 
OE 



1/01 

I/02 

I/03 

A0-A9 l/Q4 



1/01 

I/02 
I/03 
'/04 A0-A9 WE 



M9 



CAS 
RAS 
DE 



1/01 
I/02 
I/03 



DQ8-1 1 
o 



M10 



CAS 
RAS 
UE 



M3 



CAS3C^- 



1/01 

I/02 

I/03 

A0-A9 l/04 



1/01 
I/02 
I/03 
I/04 



M11 
A0-A9 WE 



CAS 
RAS 
UE 



WE 



1/01 

I/02 

I/03 

A0-A9, l/04 



1/01 

1/02 It 

1/03 

1/04 A0 _A9 



CAS 
RAS 
UE 



1/01 

I/02 

I/03 

A0-A9 l/Q4 



DQ20-23 



1/01 
I/02 
I/03 



M13 
A0-A9 WE 



CAS 
RAS 
OE 



1/01 

I/02 

I/03 

A0-A9 l/04 



DQ24-27 



1/01 

I/02 ^ 

I/03 

I/04 A0 _ A9 



WE 



CAS 
RAS 
OE 



1/01 
I/02 
I/03 



A0-A9 '/Q 4 



DQ28-31 

o 



1/01 

I/02 . 

I/03 * 

1/04 A0-A9 



CAS 
RAS 
UE 



CAS 
RAS 
OE 



1/01 
I/02 

I/03 

I/O 4 A0-A9 WE 0E 



CAS 
RAS 

WE ^_ 



CAS 
RAS 
UE 



CAS 
RAS 
OE 



CAS 
RAS 
UE 




C0-C7 



- MO-15 *M0-M15:GM71C4400AJ 

- MO-1 5 CO - C7 : 0.22^ F capacitor 
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Pin Description 


Pin 


Function 


Pin 


Function 


A ~A 9 


Address Inputs 


PD1-PD4 


Presence Detect 


DQo-DQsi 


Data Input/Output 


Vcc 


Power ( + 5V) 


RAS0-RAS3 


Row Address Strobe 


Vss 


Ground 


CAS0-CAS3 


Column Address Strobe 


NC 


No Connection 


WE 


Read/Write Enable 







Presence Detect Pins 

• GMM7321000SG 



Pin 


60ns 


70ns 


80ns 


PD1 


Vss 


Vss 


Vss 


PD2 


Vss 


Vss 


Vss 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



• GM7322000SG 



Pin 


60ns 


70ns 


80ns 


PD1 


NC 


NC 


NC 


PD2 


NC 


NC 


NC 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



Absolute Maximum Ratings* 1 



Symbol 


Parameter 


Values 


Unit 


T A 


AmbientTemperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


l0UT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


8/16* 2 


W 



*Note: 1. Stress greater than above under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 
2. GMM732000SG 



Recommended DC Operating Conditions (Ta = ~ 70 °C) 



Symbol 


Parameter 


MIN 


TYP 


MAX 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


ViL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1 All voltages referenced to Vss 
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GMM7321000SG 
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DC Electrical Characteristics: (Vcc=5V±10%, Ta=0~70°C) 



Symbol 






GMM7321000SG 


GMM7322000SG 


Unit 


Note 


Parameter 


Min 


Max 


Min 


Max 


VOH 


Output Level 

Output "H" Level Voltage (Iout = -5mA) 


2.4 


Vcc 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRc = tRc min) 


60ns 


- 


880 


- 


896 


mA 


1,2 


70ns 


- 


800 


- 


816 


80ns 


- 


720 


- 


736 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vi H ) 


- 


16 


- 


32 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vih, t R c = t R c min) 


60ns 


- 


880 


- 


896 


mA 


2 


70ns 


- 


800 


- 


816 


80ns 


- 


720 


- 


736 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tpc min) 


60ns 


- 


880 


- 


896 


mA 


1,3 


70ns 


- 


800 


- 


816 


80ns 


- 


720 


- 


736 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = Vcc -0.2V) 


- 


8 


- 


16 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


60ns 


- 


880 


- 


896 


mA 




70ns 


- 


800 


- 


816 


80ns 


- 


720 


- 


736 


ICC7 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


- 


40 


- 


80 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (OV<Vi N <7V) 

All Other Pins Not Under Test = 0V 


-80 


80 


-160 


160 


(lA 




IO(L) 


Output Leakage Current 

(Dqut is Disabled, OV<Vqut<7V) 


-10 


10 


-20 


20 


fxA 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil 

3. Address can be changed once or less while CAS=Vih 
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Capacitance (Vcc = 5V ± 10%, Ta=25°C, i 


f=lMHz) 










Symbol 


Parameter 


GMM7321000SG 


GMM7322000SG 


Unit 


Notes 


Min 


Max 


Min 


Max 


Cn 


Input Capacitance (A0-A9) 


- 


60 


- 


100 


pF 


1 


Cl2 


Input Capacitance (WE) 


- 


75 


- 


132 


pF 


1,2 


C13 


Input Capacitance (RAS0-RAS3) 


- 


40 


- 


36 


pF 


1,2 


C14 


Input Capacitance (CAS0-CAS3) 


- 


30 


- 


36 


pF 


1,2 


CDQi 


Capacitance 


- 


17 


- 


30 


pF 


1,2 



Note 1. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable D ut- 

AC Electrical Characteristics (Vcc = 5V±10%, Ta=0~70°C, Notes 1, 14) 
Refer to the GM71C4400A/AL Data Sheet for Timing Waveforms. 

Read, Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GMM732XXX-60 


GMM732XXX70 


GMM732XXX80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read/Write or Write Cy- 
cle Time 


110 


— 


130 


— 


150 


— 


ns 




tRP 


RAS Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




,tRAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


ns 




tASC 


Column Address Set-up 
Time 





— * 





— 





— 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tRCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


ns 


9 


tRSH 


RAS Hold Time 


15 


— 


20 


— 


20 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


ns 


- 


tCRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




t T 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


- 


16 


ms 
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Read Cycle 


Symbol 


Parameter 


GMM732XXX-60 


GMM732XXX-70 


GMM732XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


15 


- 


20 


- 


20 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


30 


— 


35 


— 


40 


ns 


3,5 


tRCS 


Read Command Set-up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time to 
CAS 





— 





— 





— 


ns 




tRRH 


Read Command Hold Time to 
RAS 





— 





— 





— 


ns 




tRAL 


Column Address to RAS Lead 
Time 


30 


— 


35 


— 


40 


— 


ns 




tOFF 


Output Buffer Turn-off Time 


- 


15 


- 


20 


- 


20 " 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GMM732XXX-60 


GMM732XXX-70 


GMM732XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up Time 





- 





- 





- 


ns 


10 


twCH 


Write Command Hold Time 


15 


- 


15 


- 


15 


- 


ns 




twp 


Write Command Pulse Width 


10 


- 


10 


- 


10 


- 


ns 




tRWL 


Write Command to RAS Lead 
Time 


15 


— 


20 


— 


20 


— 


ns 




tcWL 


Write Command to CAS Lead 
Time 


15 


— 


20 


— 


20 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


Refresh Cycle 


Symbol 


Parameter 


GMM732XXX60 


GMM732XXX-70 


GMM732XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 




ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


- 


10 


- 


10 


- 


ns 
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Fast Page Mode Cycle 


Symbol 


Parameter 


GMM732XXX-60 


GMM732XXX-70 


GMM732XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


50 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


- 


100,000 


- 


100,000 


- 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


35 


— 


40 


— 


45 


13 




tRHCP . 


RAS Hold Time from CAS 
Precharge 


35 


— 


40 


— 


45 


— 


ns 





Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD < tRCD(max) and tRAD < tRAD(max). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that tRCD < tRCDJmax) and tRAD > tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil. 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met, tRCD(max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD(max] limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met, tRAD(max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by ±aa- 

10. twos, is not rrestrictive operating parameters. It is included in the data sheet as electrical characteristics 
only. If twcs > twcs(niin), the cycle is an early write cycle and the data out pin will remain open circuitfhigh 
impedance) throughout the entire cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles. 

12. tRASC defines RAS pulse width in fast page mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 ^s is required after power up followed by a minimum of eight initialization cycles 
(any combination of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter 
is used, a minimu of eight CAS-before-RAS refresh cycles are required. 
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Package Dimensions 

GMM7321000SG 



Unit: mil (mm) 



133(3.38) 



2- 0125 43,-0(3.175) 



R62(1.57) 






« 



4250(107.95) 



3984(101.19) 



3 C 3 C 

3 C 3 C 

3 C 3 C 



DD 

HS 

DD 



80(2.032) — ' 



nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn^^innnnnnnnnnnnnnnnnnnnnnnnnnqnnnnnnnn ^ : 



250(6.35) 



1750(44.45) 



1750(44.45) 



Pfflftas K R62(1.57) 



1000(25.4 ) 



400(10.16) 



100(2.54) 



MIN 



_J I. 20CX5.08) 
\ 1 MAX 



_L 



50(1.27) 
125(3.17)MIN 



1 

MIN100 
(2.540) 

T 


DETAIL'A" , 

MAX42(1.066) 


RP)P MAX1 0(0.254) 


50(1.27) 



Tolerance: ±5 (0.1 27) Unless otherwise Specified. 
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Package Dimensions 

GMM7322000SG 



Unit: mil(rnm) 



(Front) 



133(3.38) 



2 <31 25+3,-0(3. 175 ) 
R 62(1 .57) N 



250 

(6.35) 

80 

(2.032) 



i I 

3 C 



.DDDDD DDDDD 



4250(107.95) 



3984(101.19) 



□ □ en cm 
en en en en 



DDUDD DDDDD 



DDDDD DDUDD 







DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD .-~ v 

lnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn^winnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn -.. 

k 1750(44.50) (> \ 1750(44.50) ' 



l^ oul \R62(1.57) ^ I A 

(6.35) L -~ J \C 



£ 



1250(31.75) 



400(10.16) 



_T 



, ,365(9.271) 

~1 r ^ax~ 



100(2.540) 
MIN 



'250 I 
(6.35) 



225(5. 17)MIN 
50(1.27) 



(Rear) 



3 C 



en 



en en en 

en en en 

en en en ^_ u, 

en en en en c 

B B B B 

en en en en 



en en 



ngg DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD DDUDD Q 

nn 

DDDDD DDDDD DDDDD DDDDD DDDDD DDDDD 

innnnnnnnnnnnnnnnnnn^ - Nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



□□ DDDDD DDDDD 



f 



MIN100 
(2.540) 



e 



MAX42(1.066) 

MAX1 0(0.254) 



50(1.27) 



Tolerance : ±5(0.127) Unless otherwise Specified. 
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GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GMM7361000SG/SGS-60/70/80 

1,048,576 WORDS x 36 BIT 

GMM7362000SG-60/70/80 

2,097,152 WORDS x 36 BIT 
CMOS DYNAMIC RAM MODULE 



Description 

The GMM7361000SG/SGS is a 1Mx36 bits dy- 
namic RAM MODULE which is assembled 8 
pieces of 1M x 4 bit DRAMs and 4 pieces of 1M x 1 
bit DRAMs in 20/26 pin SOJ package on both/sin- 
gle side the printed circuit board with decoupling 
capacitors. 

The GMM7362000SG is a 2Mx36 bits dynamic 
RAM MODULE which is assembled 16 pieces of 
1Mx4 bit DRAMs and 8 pieces of lMxl bit 
DRAMs in 20/26 pin SOJ package on both sides 
the printed circuit board with decoupling capa- 
citors. 

These are optimized for application to the systems 
which are required high density and large capac- 
ity such as main memory of the computers and 
an image memory systems, and to the others 
which are requested compact size. These provide 
common data inputs and outputs. 

•GMM7361000SG (Both Side)*i 




I O 



nn nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn^nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



•GMM7361000SGS (Single Side) 




•GMM7362000SG (Both Side) * 2 




Features 

• 72 pins Single In-Line Package (Gold plate) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit: ns 





tRAC 


tcAC 


tRC 


tpc 


1M/2MX 36-60 


60 


20 


120 


45 


1M/2MX 36-70 


70 


20 


130 


50 


1M/2MX 36-80 


80 


25 


160 


55 



• Low Power 
Active 

- 1Mx36: 6,820/6,160/5,500 mW(MAX) 

- 2Mx36: 6,952/6,292/6,632 mW(MAX) 
Standby 

- 1Mx36: 66 mW(CMOS level; MAX) 
-2Mx36: 138 mW(CMOS level; MAX) 

• RAS Only Refresh, CAS before RAS Refresh 
Hidden Refresh 

• All inputs and outputs TTL Compatible 

• 1024 Refresh Cycles/16ms 



Pin 


Configuration (Top View) 






Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


1 


Vss 


19 


NC 


37 


DQ17 


55 


DQ12 


2 


DQo 


20 


DQ 4 


38 


DQ35 


56 


DQ30 


3 


DQis 


21 


DQ22 


39 


Vss 


57 


DQ13 


4 


DQi 


22 


DQ 5 


40 


CASo 


58 


DQ31 


5 


DQ19 


23 


DQ23 


41 


CAS?. 


59 


Vcc 


6 


DQ2 


24 


DQ 6 


42 


CAS3 


60 


DQ32 


7 


DQ20 


25 


DQ24 


43 


CASi 


61 


DQu 


8 


DQ3 


26 


DQ 7 


44 


RASo 


62 


DQ33 


9 


DQ21 


27 


DQ25 


45 


RASi** 


63 


DQ15 


10 


Vcc 


28 


A 7 


46 


NC 


64 


DQ34 


11 


NC 


29 


NC 


47 


WE 


65 


DQie 


12 


A 


30 


Vcc 


48 


NC 


66 


NC 


13 


Ai 


31 


A 8 


49 


DQ9 


67 


PDi 


14 


A 2 


32 


A 9 


50 


DQz7 


68 


PD 2 


15 


A3 


33 


RAS3** 


51 


DQ10 


69 


PD 3 


16 


A 4 


34 


RAS 2 


52 


DQ28 


70 


PD 4 


17 


A 5 


35 


DQ26 


53 


DQn 


71 


NC 


18 


A 6 


36 


DQ 8 


54 


DQ29 


72 


Vss 



Note: 1 . There are 4 pieces of 1M x 1 bit DRAM on the 
rear side. 

2. There are 8 pieces of 1Mx4 bit DRAM and 
2 pieces of 1M x 1 bit DRAM on the rear side. 

3. In case of GMM7361000SG/SGS, Pin 33 and 
Pin 45 are not connected. 
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GoldStar 



GMM736 1000SG/SGS 
GMM7362000SG 



Block Diagram 

•GMM7361000SG/SGS 



CASO O- 
RASO O- 



CAS1 O- 



CAS2 O- 
RAS2 o- 



CAS3 o- 



WE O- 

A0-A9 O- 

Vcc O- 



Vss O- 



P 



MO 



CAS 
RAS 
OE WE A0-A9 



1/01 
I/02 
I/03 
I/04 



P 



P 



P 



TTT 



P 



TtT 



P 



-O DQO 
-O DQ1 



-O DQ2 
-O DQ3 



CAS 


WE 


M1 

A0-A9 


1/01 
I/02 
I/03 
I/04 







DQ4 
DQ5 
DQ6 


RAS 






OE 




■"■■"O 




"O 


DQ7 














CAS 
RAS" 


WE 


M2 

A0-A9 


D| N 

DOUT 




DQ8 




T 


■■ o 


















CAS 


WE 


M3 

A0-A9 


1/01 
I/02 
I/03 
I/04 




DQ9 
DQ10 
DQ11 
DQ12 




-O 


RAS 




— o 


OE 










o 














CAS 


WE 


M4 

A0-A9 


1/01 
I/02 
I/03 
I/04 




DQ13 
DQ14 
DQ15 




-O 


RAS 




--o 


— 







OE 




""■"O 


DQ16 












CAS 
RAS 


WE 


M5 A0-A9 


Din 

DOUT 




DQ17 




r 


— ~u 
















CA§ 


WE 


M6 
A0-A9 


1/01 
I/02 
I/03 
I/04 




DQ18 
DQ19 
DQ20 
DQ21 






RAS 






OE 


























WE 


M7 
A0-A9 


1/01 

I/02 
I/03 
I/04 




DQ22 
DQ23 
DQ24 


CAS 






RAS 




"O 


OE 




- o 






DQ25 
















WE 


M8 A0-A9 


Din 
Dout 






DQ26 


CAS 
RAS 






























WE 


M9 
A0-A9 


1/01 
I/02 
I/03 
I/04 




DQ27 
DQ28 


CAS 






RAS 




~o 


OE 




"O 


DQ29 








DQ30 
















WE 


M10 
A0-A9 


1/01 
I/02 
I/03 
I/04 




DQ31 


CAS 




■o 


DQ32 
DQ33 
DQ34 


RAS 




o 


OE 




"~0 




\J 














CAS 
RAS 


WE 


M11 
A0-A9 


Din 
Dout 




DQ35 




r 


»o 



0.22/iF Capacitor 
on each DRAM 



To All DRAMS 



*Note: M2, M5, M8, M11 are GM71C1000SJ & others are GM71C4400AJ. 
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Block Diagram 

•GMM7362000SG 



CASO o- 



RASO O- 



CAS1 O- 



CAS2 o- 



RAS2 O- 



CAS3 O- 



WE O- 

Ao~A 9 O- 

Vcc O 



Vss O- 



P 



CAS 
RAS 



MO 



P 



1/01 
I/02 

I/03 

OE WE A ~A 9 |/04 

I I 



DQ0-3 
O — 



M1 



1/01 
I/02 

I/03 

OE WE A ~A 9 |/04 

T 



CAS 
RAS 



DQ4.7 
O — 



M12 



1/01 
I/02 

I/03 

I/04 A ~A 9 WE OE 



CAS 
RAS 



CAS 



M2 



Din — ' * 
RA~5~ WE A ~A 9 Dqut ' 



& 



T=f 



DQ 8 
— O — 

DQ9-12 



1 — r 



* 



M13 



1/01 

I/02 

I/03 _ 

I/04 A ~A 9 WE OE 



CAS 
RAS 



X 



I — DqutA0-A9 WE RAS" 



M14. 



CAS 



a 



PAS l/01 

52T M3 |/02 

— S wp a a l/03 

OE WE A 0~A 9 |/04 



/P 



m M4 jgj 

™S | /0 3 

OE WE A ~A 9 |/04 



DQ13-I6 
O 



3=F 



1/01 
I/02 
I/03 
I/04 



M15 



CAS 

RAS 
A ~A 9 WE OE 



-C- 



CAS M5 

RAS WE A ~Ag Dqut 

I I 



DQ17 

d^~Kj — o- 



T 



"01 »„..„ OAQ 

I/02 M16 2^! 

I/03 A A RAS 

I/04 A 0~ A 9 WE 5e 



* 



DQ18-21 



t— D| N 
— Dqut a Q~A 9 WE RAS 



M17 



CAS 



Wn 



/P 



P 



CAS M6 -g 

lAlE A A "03 

OE WE A ~A 9 |/04 
I 



M7 



1/01 
I/02 

WI - A A I/03 

OE WE Ao-Ag |/04 



CAS 
RAS 



DQ22-25 
O 



?=¥ 



-O RAS1 



U02 M18 ™ 

I/03 A — R AS 

I/04 Ao~A 9 WE OE 



M19 



CAS M8 

RA5 WE A ~A 9 Dqut 



DQ26 
Din \~J O f l Din 



DQ27-30 



1/01 
I/02 

I/03 A A 

I/04 Ao~A 9 WE OE 

I 



% 



CAS 
RAS 



X 



M20 CAS~ 

DqutAq~A 9 WE RAS 



^r 



J? 



M9 



1/01 
I/02 

IAIC A A I/03 

OE WE Ao~A 9 |/04 



CAS 
RAS 



rP 



CAS M10 |™ 

RAS , /03 

OE WE A °~ A 9 |/04 



I I 



DQ31-34 
O 



CAS M11 Din 

RAS WE Aq~A 9 Dqut 



DQ35 

O— 



i/02 M21 CAS 

I/03 R AS 

I/04 A ~A 9 WE OE 

I I ~ 



!/02 M22 ™ 

I/03 RAS 

I/04 A 0~A9 WE OE 



* 



Din M23 CA5 

Dqut a o~A 9 WE RAS 



% 



-O RAS3 



" 0.22^F Capacitor 



M0-M11 



*Note: M2, M5, M8, M11 M14, M17, M20, M23 are GM71C1000SJ & others are GM71C4400AJ. 
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Pin Description 


Pin 


Function 


Pin 


Function 


A ~A 9 


Address Inputs 


PD1-PD4 


Presence Detect 


DQ ~DQ 3 5 


Data Input/Output 


Vcc 


Power ( + 5V) 


RAS0-RAS3 


Row Address Strobe 


Vss . 


Ground 


CAS0-CAS3 


Column Address Strobe 


NC 


No Connection 


WE 


Read/Write Enable 







Presence Detect Pins 

•GMM7361000SG/SGS 



•GMM7362000SG 



Pin 


60ns 


70ns 


80ns 


PD1 


Vss 


Vss 


Vss 


PD2 


Vss 


Vss 


Vss 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



Absolute Maximum Ratings* 1 



Pin 


60ns 


70ns 


80ns 


PD1 


NC 


NC 


NC 


PD2 


NC 


NC 


NC 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


12/24* 2 


W 



*Note 1. Stress greater than above under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 
2. GMM7362000SG 

Recommended DC Operating Conditions (Ta = - 70 °C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


VlH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


VlL 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All Voltages referenced to Vss 
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DC Electrical Characteristics: (Vcc=5V±10%, 


T A =0~70° 


C) 










Symbol 


Parameter 


GMM7361000SG 


GMM7362000SG 


Unit 


Notes 


Min 


Max 


Min 


Max 


V H 


Output Level 

Output "H" Level Voltage (Iout= -5mA) 


2.4 


Vcc 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: irc-irc min) 


60ns 


— 


1240 


— 


1264 


mA 


1,2 


70ns 


— 


1120 


— 


1144 


80ns 


— 


1000 


— 


1024 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(KX3, CSS = Vi H ) 


— 


24 


— 


48 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vih, t RC = min) 


60ns 


— 


1240 


— 


1264 


mA 


2 


70ns 


— 


1120 


— 


1144 


80ns 


— 


960 


— 


984 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t P c = t P c min) 


60ns 


— 


1200 


— 


1124 


mA 


1,3 


70ns 


— 


1080 


— 


1104 


80ns 


— 


920 


— 


944 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CAS = Vcc -0.2V) 


— 


12 


— 


24 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc min) 


60ns 


— 


1200 


— 


1224 


mA 




70ns 


— 


1080 


— 


1104 


80ns 


— 


960 


— 


984 


ICC7 


Standby Current RAS = Vih 
CAS = Vil 
Dout = Enable 


— 


60 


— 


120 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (OV<Vi N <7V) 

All Other Pins Not Under Test = 0V 


-120 


120 


-240 


240 


/aA 




IO(L) 


Output Leakage Current 

(Dout is Disabled, OV<Vqut<7V) 


-20 


20 


-20 


20 


/xA 





Note) 1. Ice depends on output loading condition when the device is selected, Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es wh ile RAS = Vil 

3. Address can be changed once or less while CAS=Vih 
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Capacitance (Vcc = 5V ± 10%, Ta = 25°C, f=lMHz) 


Symbol 


Parameter 


GMM7361000SG 


GMM7362000SG 


Unit 


Notes 


Min 


Max 


Min 


Max 


Cn 


Input Capacitance (A0-A9) 


- 


88 


— 


140 


pF 


1 


C12 


Input Capacitance (WE) 


- 


104 


- 


188 


pF 


1,2 


C13 


Input Capacitance (RAS0-RAS3) 


- 


42 


— 


42 


pF 


1,2 


Cl4 


Input Capacitance (CAS0-CAS3) 


- 


36 


- 


42 


pF 


1,2 


CDQ! 


I/O Capacitance (DQO-7, 9-16, 18-25, 27-34) 


- 


17 


- 


30 


pF 


1,2 


CDQ2 


I/O Capacitance (DQ8, 17, 26, 35) 


- 


22 


- 


24 


pF 


1,2 



Note 1. Capa citance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vih to disable Dout- 

AC Electrical Characteristics (Vcc = 5V±10%, Ta = ~70°C, Notes 1,14) 

The GMM736XXXX writes data only in early write cyclejtwcs > twcs(min)). 
Delayed write cycle is not available because of I/O common. 



Read r Write and Refresh Cycles (Common 


Parameters) 










Symbol 


Parameter 


GMM736XXXX-60 


GMM736XXXX 70 


GMM736XXXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read or Write Cy- 
cle Time 


120 


— 


130 


— 


160 


— 


ns 




tRP 


RAS Precharge Time 


50 


- 


50 


- 


70 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tCAS 


CAS Pulse Width 


20 


10,000 


20 


10,000 


25 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


12 


- 


ns 




tASC 


Column Address Set-up 
Time 





- 





- 





- 


ns 




tCAH 


Column Address Hold 
Time 


15 


— 


15 


— 


20 


— 


ns 




tRCD 


RAS to CAS Delay Time 


20 


40 


20 


50 


22 


55 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


ns 


9 


tRSH 


RAS Hold Time 


20 


- 


20 


- 


25 


- 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCRP 


CAS to RAS Precharge 
Time 


10 


— 


10 


- 


10 


- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


- 


16 


ms 
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Read Cycle 



Symbol 


Parameter 


GMM736XXXX-60 


GMM736XXXX70 


GMM736XXXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


20 


- 


20 


- 


25 


ns 


3,4 


tAA 


Access Time from Column 
Address 


- 


30 


— 


35 


— 


40 


ns 


3,5 


tRCS 


Read Command Setup 
Time 





— 





- 





- 


ns 




tRCH 


Read Command Hold Time 
to CAS 





- 





- 





- 


ns 




tRRH 


Read Command Hold Time 
to RAS 


10 


— 


10 


- 


10 


- 


ns 




tRAL 


Column Address to RAS 
Lead Time 


30 


— 


35 


— 


40 


— 


ns 




tOFF 


Output Buffer Turn-off 
Time 


— 


20 


— 


20 


— 


20 


ns 


6 



Write Cycle 



Symbol 


Parameter 


GMM736XXXX60 


GMM736XXXX 70 


GMM736XXXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up 
Time 





— 





— 





— 


ns 


10 


twCH 


Write Command Hold 
Time 


15 


— 


15 


— 


20 


— 


ns 




twp 


Write Command Pulse 
Width 


10 


— 


10 


— 


15 


— 


ns 




tRWL 


Write Command to RAS 
Lead Time 


20 


— 


20 


— 


25 


— 


ns 




tcWL 


Write Command to CAS 
Lead Time 


20 


— 


20 


— 


25 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 



Refresh Cycle 



Symbol 


Parameter 


GMM736XXXX-60 


GMM736XXXX70 


GMM736XXXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
. (CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 


- 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle)' 


15 


- 


15 


- 


20 


- 


ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


- 


10 


- 


10 


- 


ns 
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Fast Page Mode Cycle 



Symbol 


Parameter 


GMM736XXXX-60 


GMM736XXXX-70 


GMM736XXXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast-Page Mode Cycle 
Time 


45 


- 


50 


— 


55 


- 


ns 




tcp 


Fast Page Mode CAS 
Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




tRASC 


Fast Page Mode RAS 
Pulse Width 


- 


100,000 


- 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


40 


— 


45 


— 


50 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


40 


— 


45 


— 


50 


— 


ns 





Notes : 

1. AC measurements assume tx = 5ns. 

2. Assumes that tRCD < tRCD(max) and *rad < tRAD(max). If tRCD or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 

3. Measured with a load circuit equivalent to 2TTL loads and lOOpF. 

4. Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 

5. Assumes that tRCD < tRCD(max) and tRAD > tRAD(max). 

6. toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

7. ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil- 

8. Operation with the tRCD(max) limit insures that tRAc(max) can be met, tRCD(max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

9. Operation with the tRAD(max) limit insures that tRAc(max) can be met, tRAD(max) is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by t A A. 

10. twcs is not restrictive operating parameters. It is included in the data sheet as electrical characteristics only. 
If twcs > twcs(min), the cycle is an early write cycle and the data out pin will remain open circuit (high 
impedance] throughout the entire c ycle. 

11. These paramete rs ar e referenced to CAS leading edge in early write cycles. 

12. tRASC is defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 /us is required after power up followed by a minimum of eight initialization cycels 
(any combination of cycles co ntain ing RA S clo ck such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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Package Dimensions 

•GMM7361000SG 



(Front) 



133(3.38) 



2-0125 
+ 3,-0 
(3.175) 



R62 
(157) 



Unit: mil (mm) [1 mil = 1/1000 inches) 



4250(107.95) 



3984(101.19) 



365(9.271) 
MAX 



M 



250 T 1 

(6-35)1 1 n nnnnn n nn n nnnn n nnnnnnnnnnnnn n nnnn n nn^Nnn nn n nn nn nn n nn nnn nn n nnnn nnn nmn n nn n n _ 

1750(44.45) J.\L 1750(44.45) V I ' 



80 
(2.032) 



1 OKH ' 



250 ' 
(6.35) 



1 250 
(6.35) 



R 62 (1 .57) 




(Rear) 



c 
c 
c 

c 




] c 

3 C 
3 t 
] [ 




] [ 

3 [ 

J [ 




] c 
1 c 
J q 
] C 




i 
i 
i 
] 


o | 

c 


Q 


: c 

S i 

3 t 


_CL 


] [ 
] [ 
D t 

p 5 




3 C 
] c 

J C 

3 C 

] c 




1 o 

nnnnnmnn 


nnnnnnnnn 


nnnnnnnnnnnnnnnnnnnnnnnnnnn^nnnr 


innnnn 


innnnnnnnnnr 


nnnnnr 



•GMM7361000SGS (There is no component on the rear side) 

4250(107.95) 

^ 

133(3.38) 




80 
(2.032) 
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•GMM7362000SG 



(Front) 



133(3.38) 



4250 (107.95) 




•50(1.27) 



(Rear) 



O 



yjfj GoldStar 

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn/ 



O 



iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 







DETAIL "A" 

I | MAX 42(1. 066) 




MIN 10C 
(2.540) 


_L 


H r 

880 


I 


MAX 10(0.254) 




t 


50(1.27) 


t 





Tolerance: ±5 (0.127) unless otherwise specified. 
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GOLDSTAR ELECTRON CO., LTD. 



GMM7401000SG-60/70/80 
1,048,576 WORDS x 40 BIT 

GMM7402000SG-60/70/80 

2,097,152 WORDS x 40 BIT 

CMOS DYNAMIC RAM MODULE 



Description 

The GMM7401000SG is a 1Mx40 bits dynamic 
RAM MODULE which is assembled 10 pieces of 
1Mx4 bit DRAMs in 20/26 pin SOJ package on 
single side the printed circuit board with decoupl- 
ing capacitors. 

The GMM7402000SG is a 2Mx40 bits dynamic 
RAM MODULE which is assembled 20 pieces of 
1Mx4 bit DRAMs in 20/26 pin SOJ package on 
both sides the printed circuit board with 
decoupling capacitors. 

These are optimized for application to the systems 
which are required high density and large capac- 
ity such as main memory of the computers and 
an image memory systems, and to the others 
which are requested compact size. These provide 
common data inputs and outputs. 

GMM7401000SG (Single side) 
GMM7402000SG (Both side) 



>GM71C4400AJ 

uuuuu uuuuu 



>GM71C4400AJ 



>GM71C4400AJ 



'GM71C4400AJ 

IUUUU U l 

.nnnnn nnnnn. 



'GM71C4400AJ 

'uuuuu uuuuu' 
.nnnnn nnnnn. 



>GM71C4400AJ 

' uuuuu uuuuu ' 
.nnnnn nnnnn. 



>GM71C4400AJ 



>GM71C4400AJ 

iu uuuuu' 
.nnnnn nrron. 



>GM71C4400AJ 

'uuuuu uuuuu' 



>GM71C4400AJ 

' uuuuu uuuuu 



Features 

• 72 pins Single In-Line Package (Gold plate) 

• Fast Page Mode Capability 

• Single Power Supply 

• Fast Access Time & Cycle Time (Unit- ns) 





tRAC 


tcAC 


tRC 


tpc 


1M/2MX 40-60 


60 


15 


110 


40 


1M/2MX 40-70 


70 


20 


130 


45 


1M/2MX 40-80 


80 


20 


150 


50 



• Low Power 
Active 

- 1Mx40: 6,050/5,500/4,950 mW(MAX) 

- 2Mx40: 6,160/5,610/5,060 mW(MAX) 
Standby 

- 1Mx40: 55 mW(CMOS level: MAX) 
-2Mx40: 110 mW(CMOS level: MAX) 

• RAS Only Refresh, CAS before RAS refresh, 
Hidden Refresh 

• All inputs and outputs TTL Compatible 

• 1024 Refresh Cycles/16 ms 

Pin Configuration (Top View) 



Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


Pin 


Symbol 


1 


Vss 


19 


OE 


37 


DQ33 


55 


DQn 


2 


DQo 


20 


DQ4 


38 


DQ35 


56 


DQ27 


3 


DQie 


21 


DQ20 


39 


Vss 


57 


DQ12 


4 


DQi 


22 


DQ5 


40 


CAS 


58 


DQ28 


5 


DQ17 


23 


DQ21 


41 


NC . 


59 


Vcc 


6 


DQ2 


24 


DQ6 


42 


NC 


60 


DQ29 


7 


DQis 


25 


DQ22 


43 


CASf 1 


61 


DQ13 


8 


DQ3 


26 


DQ 7 


44 


RASo 


62 


DQ30 


9 


DQ19 


27 


X>Q23 


45 


RASf 1 


63 


DQ14 


10 


Vcc 


28 


A 7 


46 


DQ37 


64 


DQ31 


11 


NC 


92 


DQ36 


47 


WE 


65 


DQ15 


12 


Ao 


30 


Vcc 


48 


Vss 


66 


DQ38 


13 


Ai 


31 


A 8 


49 


DQg 


67 


PDi 


14 


A 2 


32 


Ag 


50 


DQ24 


68 


PD 2 


15 


A 3 


33 


NC 


51 


DQ9 


69 


PD3 


16 


A4 


34 


NC 


52 


DQ25 


70 


PD 4 


17 


A 5 


35 


DQ34 


53 


DQ10 


71 


DQ39 


18 


A 6 


36 


DQ32 


54 


DQ26 


72 


Vss 



Note 1. In case of GMM7401000S, these are not connected. 
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Block Diagram 

•GMM7401000SG 



RASUo- 
CASOo- 
OE o- 



RAS 
CAS 
OE 



RAS 
CAS 
OE 



RAS 
CAS 
OE 



HAS 
CAS 
OE 



RAS 
CAS 
CE 



A0-A9 



RAS 
CAS 
OE 



AQrA9 



RAS 
CAS 
OE 



AftA? 



RAS 
CAS 
OE 



RAS 
CAS 
OE 



RAS 
CAS 
OE 



WEo- 



W£_ 



WE_ 



_WE 



JAE 



JAp. 



JAp. 



JHL 



wl 



Vocq- 



M0-M9 
M0-M9 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
I/04 



1/01 

I/02 

i/03 

WE K* 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
i/04 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
I/04 



1/01 
I/02 
I/03 
I/04 



-O DQ0 



-O DQ2 



-O DQ4 



-O DQ8 



-O DQ11 



-O DQ13 



-o DQ16 
-O DQ17 



-O DQ25 



-O DQ27 



-O DQ28 
-O DQ29 



-O DQ31 



-O DQ32 
-o DQ33 



-O DQ35 



-O DQ37 
-o DQ38 



*M0-M9:GM71C4400AJ 
CO - C9 : 022 juF capacitor 
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Block Diagram 

• GMM7402000SG 
































DQ0-DQ3 




















MO 


1/01 

I/02 

1/03 

WE WW 


1/01 
I/02 
I/03 
I/04 


WE 


M10 


RAS 

CAS 

OE 
A0-A9 






















RAS 






» U HMSI 


CASo o 


CAS 

OE 

A0-A9 
















> 






OE o 








i 












DQ4-DQ7 








| 




I 




I 




j 










RAS 
CAS 

OE 

A0-A9 


M1 


1/01 

I/02 

I/03 

JE ** 


1/01 
I/02 
I/03 
I/04 


WE 


M11 


RAS 

CAS 

OE 
A0-A9 


















» 












( 






> 




















DQ8-DQ11 








| 










I 




| 












M2 


1/01 

I/02 

I/03 

_JE WH 


1/01 
I/02 
I/03 
I/04 


WE 


M12 


RAS 

CAS 

OE 
A0-A9 
















' 


i 






RAS 






» 






CAS 

OE 

A0-A9 








< 






» 




















DQ12-DQ15 








| 










I 




I 












M3 


1/01 

I/02 

I/03 

WE I/04 


1/01 
I/02 

I/03 
I/04 


WE 


M13 


RAS 

CAS 

OE 
A0-A9 
















' 


i 
i 






RAS 






» 






CAS 

OE 

A0-A9 








i 






> 




















DQ16-DQ19 








| 




| 




1 




I 










RAS 

CAS 

OE 

A0-A9 


M4 


1/01 
I/02 
I/03 


1/01 
I/02 
I/03 
I/04 


WE 


M14 


RAS 

CAS 

OE 
A0-A9 


















i 












i 






i 




















JA 


E "^ 


DQ20-DQ23 








| 










| 




| 












M5 


1/01 
I/02 
I/03 


1/01 
I/02 
I/03 
I/04 


WE 


M15 


RAS 

CAS 

OE 
A0-A9 
















1 




i 




RAS 






» 






CAS 

OE 

A0-A9 










» 




















-J 


E "^ 


DQ24-DQ27 


















| 




I 












M6 


1/01 
I/02 
I/03 


1/01 
I/02 
I/03 
I/04 


WE 


M16 


RAS 

CAS 

OE 
A0-A9 


















i 






RAS 






• 












i 




CAS 




» 






OE 

A0-A9 
















-^ 


F »«* 


DQ28-DQ31 


















| 




| 












M7 


1/01 
I/02 
I/03 


1/01 
I/02 
I/03 
I/04 


WE 


M17 


RAS 

CAS 

OE 
A0-A9 
















' 


< 
< 






RAS 






i 






CAS 

OE 

A0-A9 








< 






> 




















J£ 


t "^ 


DQ32-DQ35 








I 










1 




l 










RAS 

CAS 

OE 

A0-A9 


M8 


1/01 

I/02 

I/03 

WE *» 


1/01 
I/02 
I/03 
I/04 


We 


M18 


RAS 

CAS 

OE 
A0-A9 


















» 












< 






> 




















DQ36-DQ39 








I 




| 




I 




I 












M9 


1/01 
I/02 
I/03 


1/01 
I/02 
I/03 
I/04 


WE 


M19 


RAS 

CAS 

OE 
A0-A9 
























RAS 












CAS 

OE 

A0-A9 


































_V! 


t "^ 
















1 


























Vcco 1 — M0-M19 

■■■■ C0-C9 
Vsso -*— ~- M0-M19 




*M0-M1S 
C0-C9: 


:GM71C4400AJ 
0.22^ F capacitors 
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Pin Description 


Pin 


Function 


Pin 


Function 


A ~A 9 


Address Inputs 


PD1-PD4 


Presence Detect 


DQo~DQ 39 


Data Input/Output 


Vcc 


Power ( + 5V) 


RASO, RAS 


Row Address Strobe 


Vss 


Ground 


CASO, CAS 


Column Address Strobe 


NC 


No Connection 


We 


Read/Write Enable 


OE 


Output Enable 



Presence Detect Pins 

• GMM7401000SG 



Pin 


60ns 


70ns 


80ns 


PD1 


Vss 


Vss 


Vss 


PD2 


Vss 


Vss 


Vss 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



GM7402000SG 



Pin 


60ns 


70ns 


80ns 


PD1 


NC 


NC 


NC 


PD2 


NC 


NC 


NC 


PD3 


NC 


Vss 


NC 


PD4 


NC 


NC 


Vss 



Absolute Maximum Ratings* 1 



Symbol 


Parameter 


Values 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-125 


°C 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-1.0-7.0 


V 


Vcc 


Power Supply Voltage 


-1.0-7.0 


V 


IOUT 


Short Circuit Output Current 


50 


mA 


Pd 


Power Dissipation 


10/20* 2 


W 



*Note: 1. Stress greater than above under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 
2. GMM7402000SG 

Recommended DC Operating Conditions (Ta = ~ 70°C) 



Symbol 


Parameter 


MIN 


TYP 


MAX 


Unit 


Note 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


1 


ViH 


Input High Voltage 


2.4 


- 


6.5 


V 


1 


Vil 


Input Low Voltage 


-1.0 


- 


0.8 


V 


1 



Note: 1. All voltages referenced to Vss 
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GMM7401000SG 
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DC Electrical Characteristics: (V<x = 5V±10%, Ta = 0~70°C) 



Symbol 






GMM7401000SG 


GMM7402000SG 


Unit 


Note 


Parameter 


Min 


Max 


Min 


Max 


VOH 


Output Level 

Output "H" Level Voltage (Iout= -5mA| 


2.4 


Vcc 


2.4 


Vcc 


V 




Vol 


Output Level 

Output "L" Level Voltage (Iout = 4.2mA) 





0.4 





0.4 


V 




Icci 


Operating Current 

Average Power Supply Operating Current 

(RAS, CAS r Address Cycling: tRc = tRC min) 


60ns 


- 


1100 


- 


1120 


mA 


1,2 


70ns 


- 


1000 


- 


1020 


80ns 


- 


900 


- 


920 


ICC2 


Standby Current (TTL) 

Power Supply Standby Current 

(RAS, CAS = Vih) 


- 


20 


- 


40 


mA 




ICC3 


RAS Only Refresh Current 
Average Power Supply Current 
RAS Only Mode 
(RAS Cycling, CAS = Vt H , t R c = t R c min) 


60ns 


- 


1100 


- 


1120 


mA 


2 


70ns 


- 


1000 


- 


1020 


80ns 


- 


900 


- 


920 


ICC4 


Fast Page Mode Current 

Average Power Supply Current 

Fast Page Mode 

(RAS = Vil, CAS Address Cycling: t PC = tpc min) 


60ns 


- 


1100 


- 


1120 


mA 


1,3 


70ns 


- 


1000 


- 


1020 


80ns 


- 


900 


- 


920 


ICC5 


Standby Current (CMOS) 
Power Supply Standby Current 
(RAS, CSS = V C c- 0.2V) 


- 


10 


- 


20 


mA 




ICC6 


CAS before RAS Refresh Current 
(tRC = tRc mm) 


60ns 


- 


1100 


- 


1120 


mA 




70ns 


- 


1000 


- 


1020 


80ns 


- 


900 


- 


920 


ICC7 


Standby Current RAS = Vi H 
CAS = Vil 
Dout = Enable 


- 


50 


- 


100 


mA 


1 


Il(L) 


Input Leakage Current 

Any Input (OV<Vin<7V) 

All Other Pins Not Under Test = 0V 


-100 


100 


-200 


200 


jLlA 




IO(L) 


Output Leakage Current 

(Dout is Disabled, OV<V ut<7V) 


-10 


10 


-20 


20 


txA 





Note: 1. Ice depends on output loading condition when the device is selected. Ice (max) is specified at the out- 
put open condition. 

2. Address can be changed less than three tim es w hile RAS = Vil. 

3. Address can be changed once or less while CAS = Vih . 
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Capacitance (Vcc = 5V ± 10%, Ta = 25°C, f=lMHz) 


Symbol 


Parameter 


GMM7401000SG 


GMM7402000SG 


Unit 


Notes 


Min 


Max 


Min 


Max 


Cn 


Input Capacitance (A0~A9| 


- 


85 


- 


130 


pF 


1 


C12 


Input Capacitance (WE, OE) 


- 


85 


- 


160 


pF 


1,2 


C13 


Input Capacitance (RASO, RAS1) 


- 


85 


- 


90 


pF 


1,2 


C14 


Input Capacitance (CASO, CAS1) 


- 


85 


- 


90 


pF 


1,2 


CDQi 


I/O Capacitance 


- 


20 


- 


25 


pF 


1,2 



Note 1. Capacitance shall be measured with Boonton Meter or effective capacitance measuring method. 
2. CAS = Vm to disable Dout- 

AC Electrical Characteristics (Vcc = 5V±10%, T A = 0~70°C, Notes 1, 14) 
Refer to the GM71C4400A/AL Data Sheet for Timing Waveforms. 

Read, Write and Refresh Cycles (Common Parameters) 



Symbol 


Parameter 


GMM740XXX-60 


GMM740XXX-70 


GMM740XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Random Read/Write or Write 
Cycle Time 


110 


— 


130 


— 


150 


— 


ns 




tRP 


RAS Precharge Time 


40 


- 


50 


- 


60 


- 


ns 




tRAS 


RAS Pulse Width 


60 


10,000 


70 


10,000 


80 


10,000 


ns 




tCAS 


CAS Pulse Width 


15 


10,000 


20 


10,000 


20 


10,000 


ns 




tASR 


Row Address Set-up Time 





- 





- 





- 


ns 




tRAH 


Row Address Hold Time 


10 


- 


10 


- 


10 


- 


ns 




tASC 


Column Address Set-up 
Time 





— 





— 





— 


ns 




tCAH 


Column Address Hold Time 


15 


- 


15 


- 


15 


- 


ns 




tRCD 


RAS to CAS Delay Time 


20 


45 


20 


50 


20 


60 


ns 


8 


tRAD 


RAS to Column Address 
Delay Time 


15 


30 


15 


35 


17 


40 


ns 


9 


tRSH 


RAS Hold Time 


15 


— 


20 


— 


20 


— 


ns 




tcSH 


CAS Hold Time 


60 


- 


70 


- 


80 


- 


ns 




tCRP 


CAS to RAS Precharge Time 


10 


- 


10 


- 


10 


- 


ns 




tT 


Transition Time 
(Rise and Fall) 


3 


50 


3 


50 


3 


50 


ns 


7 


tREF 


Refresh Period 


- 


16 


- 


16 


- 


16 


ms 
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Read Cycle 


Symbol 


Parameter 


GMM740XXX-60 


GMM740XXX-70 


GMM740XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tRAC 


Access Time from RAS 


- 


60 


- 


70 


- 


80 


ns 


2,3 


tCAC 


Access Time from CAS 


- 


15 


- 


20 


- 


20 


ns 


3,4 


tAA 


Access Time from Column 
Address 


— 


30 


- 


35 


- 


40 


ns 


3,5 


tRCS 


Read Command Set-up Time 





- 





- 





- 


ns 




tRCH 


Read Command Hold Time to 
CAS 





— 





— 





— 


ns 




tRRH 


Read Command Hold Time to 
RAS 





- 





- 





— 


ns 




tRAL 


Column Address to RAS Lead 
Time 


30 


— 


35 


— 


40 


— 


ns 




tOFF 


Output Buffer Turn-off Time 


- 


15 


- 


20 


- 


20 


ns 


6 


Write Cycle 


Symbol 


Parameter 


GMM740XXX-60 


GMM740XXX-70 


GMM740XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


twcs 


Write Command Set-up Time 





- 





- 





- 


ns 


10 


twCH 


Write Command Hold Time 


15 


- 


15 


- 


15 


- 


ns 




twp 


Write Command Pulse Width 


10 


- 


10 


- 


10 


- 


ns 




tRWL 


Write Command to RAS Lead 
Time 


15 


— 


20 


— 


20 


— 


ns 




tc\VL 


Write Command to CAS Lead 
Time 


15 


— 


20 


— 


20 


— 


ns 




tDS 


Data-in Set-up Time 





- 





- 





- 


ns 


11 


tDH 


Data-in Hold Time 


15 


- 


15 


- 


20 


- 


ns 


11 


Refresh Cycle 


Symbol 


Parameter 


GMM740XXX-60 


GMM740XXX-70 


GMM740XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS Set-up Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


— 


10 


- 


ns 




tCHR 


CAS Hold Time 
(CAS-before-RAS Refresh Cycle) 


10 


- 


10 


- 


10 




ns 




tRPC 


RAS Precharge to CAS Hold 
Time 


10 


— 


10 


— 


10 


— 


ns 
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Fast Page Mode Cycle 


Symbol 


Parameter 


GMM740XXX-60 


GMM740XXX-70 


GMM740XXX-80 


Unit 


Notes 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Fast Page Mode Cycle Time 


40 


- 


45 


- 


50 


- 


ns 




tcp 


Fast Page Mode CAS Precharge 
Time 


10 


— 


10 


— 


10 


— 


ns 




tRASC 


Fast Page Mode RAS Pulse 
Width 


— 


100,000 


— 


100,000 


— 


100,000 


ns 


12 


tACP 


Access Time from CAS 
Precharge 


— 


35 


— 


40 


— 


45 


ns 


13 


tRHCP 


RAS Hold Time from CAS 
Precharge 


35 


— 


40 


— 


45 


— 


ns 





3. 
4. 
5. 
6. 



Notes : 

1. AC measurements assume tT = 5ns. 

2. Assumes that Ircd <• tRCD(niax) and tRAD < tRAD(max). If Ircd or tRAD is greater than the maximum recom- 
mended value shown in this table, tRAC exceeds the value shown. 
Measured with a load circuit equivalent to 2TTL loads and lOOpF. 
Assumes that tRCD > tRCD(max) and tRAD < tRAD(max). 
Assumes that tRCD < tRCD(max) and tRAD > tRAD(max). 

toFF (max) defines the time at which the output achieves the open circuit condition and is not referenced 
to output voltage levels. 

ViH(min) and ViL(max) are reference levels for measuring timing of input signals. Also, transition times are 
measured between Vih and Vil- 

Operation with the tRCD(niax) limit insures that tRAc(niax) can be met, tRCD(max) is specified as a refer- 
ence point only, if tRCD is greater than the specified tRCD(max) limit, then access time is controlled exclu- 
sively by tcAC- 

Operation with the tRAD(niax) limit insures that tRAc(niax) can be met, tRAD(max| is specified as a refer- 
ence point only, if tRAD is greater than the specified tRAD(max) limit, then access time is controlled exclu- 
sively by tAA- 

twcs, is not rrestrictive operating parameters. It is included in the data sheet as electrical characteristics 
only. If twcs > twcs(niin), the cycle is an early write cycle and the data out pin will remain open circuitjhigh 
impedance) throughout the entire cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles. 

12. tRASC defines RAS pulse width in Fast Page Mode cycles. 

13. Access time is determined by the longer of tAA or tcAC or tACP- 

14. An initial pause of 100 \xs> is required after power up followed by a minimum of eight initialization cycles 
(any combination of cycles containing RAS clock such as RAS only refresh). If the internal refresh counter 
is used, a minimum of eight CAS-before-RAS refresh cycles are required. 
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Package Dimensions 

GMM7401000SG(*1) 
GMM7402000SG 



Unit: mil (mm) 



133(3.38) 



2 0125+3,-0(3-175) 



R62Q.57) 

250(6.35) 
80(2.032) 



4250(107.95) 



3984(101.19) 



3 : 

3 : 

3 c 

3 C 



3 : 
] I 



: DD 



'250' 
(6.35) 



nn nn nn nnn nnn nnnm n n n nnn n n nn nn n nnnm fv^n n nn nnn nn n n n nn nnnnnn nn n nn nnnnn f^ nnnnn 

REF1 750(44.45) 



1000(25.4) 



400(10.16) 



MIN 

100(2.54) 
MIN 



(6.35) 
3750(95.25) 



R62(1.57) 



. MIN125(3.175) 



DETAIL'A" 50(1.27) 



, 365(9.271) MAX 
200(5.080) H) 



MAX 



MIN 225(5.71) 



MINI 00 
(2.540) 



DETAIL'A" 



MAX42(1.0 66) 
Mpp MAX1 0(0.254) 



50(1.27) 



Tolerance : ± 5 (0.1 27) Unless otherwise Specified. 
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DRAM DATA SHEET 





DRAM MODULE DATA SHEET 




MULTIPORT VIDEO RAM DATA SHEET 




SRAM DATA SHEET 




MASK ROM DATA SHEET 




DISTRIBUTORS 
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k£U GOLDSTAR ELECTRON CX). t LTD. 



GM53C261 

65,536 WORDS x 4 BIT 
CMOS MULTIPORT VIDEO RAM 



Description 

The GM53C261 is a high speed 65,536 x 4 bit mul- 
tiport CMOS dynamic memory. The two ports, 
random access and serial access, are configured 
to offer optimum flexibility in graphics and other 
systems that require an interface between a 
processor and a high speed serial data channel 
such as a CRT or graphics display device. 

The organization of the random access port of the 
GM53C261 is exactly like the GM71C464A, a 
64Kx4 CMOS DRAM. Additional functions such 
as transfer between RAM and SAM utili ze other- 
wise_unused states of the CAS, DT/OE, WB/WE 
and SE signals sampled at the falling edge of RAS 
at the beginning of a cycle. 

The Serial Access Memory (SAM) is organized as 
256x4 bits that can be read or written at high 
speed. The contents of the SAM can be loaded into 
RAM, and the contents of a selected RAM row 
(256x4) can be loaded into SAM. Except when 
transferring data between one another, the SAM 
and RAM operate in an asynchronous manner. 
The transfer from RAM to SAM or SAM to RAM 
also refreshes the transferred row in the RAM. 

In a RAM to SAM load cycle, 8 bits are needed 
to specify which of the 256 rows is to be trans- 
ferred. The state of the address lines at the fall- 
ing edge of CAS is used to specify the starting 
point in the SAM where data is to be written or 
read. The static mechanization of the SAM (al- 
lowed by CMOS) does not require refreshing. The 
first access to SAM, either read or write, will be 
to the location specified at CAS time in the previ- 
ous cycle, and subsequent accesses will continue 
in an increasing address direction. 



Features 

• Dual Port Accessibility 
RAM: 64Kx4 Bit 
SAM: 256x4 Bit 

• High Speed Access Time 
RAM: 80/100/120 ns 
SAM: 25/30/35 ns 

• Min. Read/Write cycle time: 145/175/205 ns 
Min. Serial port cycle time: 30/35/40 ns 

• Low power dissipation for GM53C261-12 
RAM port operating alone-50 mA 

SAM Port operating alone-35 mA 
RAM/SAM operating together-85 mA 

• Low CMOS standby c urren t-6 mA 

• Fast page mode acce ss, RAS -only refresh, Hid- 
den refresh and CAS-before-RAS Refresh capa- 
bility 

• Bi-directional data transfer between RAM and 
SAM with real-time operation. 

• Bit-masked Write function on RAM port for ad- 
ditional flexibility. 

• 256 Refresh cycles/4 ms 

• Standard package is 24 pin ZIP. 



Pin Configuration 






24 ZIP 






1 


W2/I02 


W3/I03 


2 




3 


SE 


SI02 


4 




5 


SI03 


Vss 


6 




7 


SC 


SIOO 


8 














9 


SIOI 


DT/OE 


10 




11 


W0/IO0 


W1/I01 


12 














13 


WB/WE 


RAS 


14 




15 


A6 


A5 


16 




17 


A4 


Vcc 


18 




19 


A7 


A3 


20 




21 


A2 


A1 


22 




23 


A0 


CAS 

(I 


24 

Bol 


torn V 


iev\ 


') 
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Pin Description 



Pin 


Function 


Pin 


Function 


A0-A7 


Address Inputs 


SC 


Serial Clock 


W/IO0-W/IO3 


Write-Per-Bit Selection Input/ 
RAM Port Data Input/Output 


WB/WE 


Write-Per-Bit/Write Enable 


DT/OE 


Data Transfer/Output Enable 


SIO0-SIO3 


SAM Port Data Input/Output 


SE 


SAM Port Enable 


RAS 


Row Address Strobe 


V cc 


Power Supply 


CAS 


Column Address Strobe 


Vss 


Ground 



Absolute Maximum Ratings" 



Symbol 


Parameter 


Rating 


Unit 


Ta 


Ambient Temperature under Bias 


-10-80 


°C 


TsTG 


Storage Temperature 


-55-125 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


1.0-7.0 


V 


Vcc 


Voltage on Vcc relative to Vss 


1.0-7.0 


V 


IOUT 


Data Output Current 


50 


mA 


Pd 


Power Dissipation 


1.0 


W 



*Note: Operation at or above 'Absolute Maximum 

Recommended Operating Conditions 



Ratings'can adversely affect device reliability. 

(T A =0 ~ 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


VlH 


Input High Voltage 


2.4 


- 


vcc+1 


V 


VlL 


Input Low Voltage 


-1 


- 


0.8 


V 



Function Block Diagram 



i>r 






:::! 


PREDE- 
CODER 




Vcc 






Vss 







COLUMN 
DECODER 



H 



COLUMN I/O <^Zy> 



3 



ROW 
DECODER 



-V 



H 



I/O BUFFER 



-► W/IO0 
-► W/101 
-► W/I02 
-P* W/I03 



1024 COLUMNS 
(256x4) 
N 256 256K 

ROWS MEMORY 
ARRAY 



1Z. 



n 



c 



256x4 l/L 

DATA REGISTER \- 



ADDRESS 
POINTER 



H 



CONTROL 
TIMING 



-►RAS 



-►WB/WE" 
"►SC 



"^SE 
-** DT/OE 



-N| SERIAL DATA S—K 
SELECTOR IN — V 



iz. 



SERIAL I/O 
BUFFER 



-►SIO0 
-►SI01 
-►SI02 
-►SI03 
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Mode Selection 



RAM Operation 
to be Performed 


SAM Mode to be 
Entered 




Control Signals 




A0-A7 


(bampieu ai me railing eage 
of RAS 


Sample Time 


CAS 


DT/OE 


WB/WE 


SE 


W/IO 
0-3 


RAS 


CAS 


Read 


Mode not affected 


H 


H 


X 


X 


X 


Row 


Column Add. 


Write 


Mode not affected 


H 


X 


X 


Row 


Column Add. 


Bit Masked Write 


Mode not affected 


L 


X 


H* 


Row 


Column Add. 


Mode not affected 


L 


X 


L* 


Row 


Column Add. 


RAM -►SAM Transfer 


Output Mode 


L 


H 


X 


X 


Row 


SAM Start** 


SAM -* RAM Transfer 


Input Mode 


L 


L 


X 


Row 


SAM Start** 


Pseudo Transfer 


Input Mode 


L 


H 


X 


X 


SAM Start** 


CAS-before-RAS or 
Hidden Refresh 


Mode not affected 


L 


X 


X 


X 


X 


X 


X 



X = Don't care 

* The state of the W/IO line i s sam pled at the falling edge of RAS to set the Write Bit Mask Resgister. If W/IO 
is high at the falling edge of RAS, no masking action is taken and the corr esponding data bit will be subject 
to change by a write operation. If W/IO is low at the falling edge of RAS, the corresponding bit is masked 
and will not be altered by a write operation. 

* * The 8 address signals, A0-A7, are used to select the RAM row address that will be affected by a tra nsfer 

to or from the SAM and the starting address for a SA M read or write operation. The falling edge of RAS 
strobes the row address, and the falling edge of CAS strobes the SAM starting address. 
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BIT MASKED WRITE 



RAS 









CAS 










\ / 






DT/OE 


y 

*i 


\ 






WB/WE 


\i 


/ \ , , / 




*2 




W/IOO 


y 

NON 

*2 
"A MA 


\ X ! em * mt \ X 




MASK i I 


W/101 


sK / v : i v 

/ Y ; NON EFFECTIVE ] Y 




*2 




W/I02 


y 

NON 

*2 
—V MA 


\ X : EFFECTIVE | X 




MASK ; ! 


W/I03 


SK / \/ ! ! \/ 

/ Y ! NON EFFECTIVE j Y 




SET MP 


^SK BIT 


| BIT-MASKED WRITE j 



*1 If WB/WE = "H" all 4 bits of data are written into RAM 
*2 W/IOO-3 = "H" Non masked 
W/IOO-3 = "L" Masked 
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SERIAL OUTPUT MODE 



RAM— * SAM TRANSFER & START ' REAL TIME TRANSFER ' WRITE CYCLE ' READ CYCLE 
I RAM<-*SAM ON THE FLY I I 



RAS 



CAS 



WB/WE 



DT/OE 



SE 



SC 



SIOj 



\ 



- xxxzdooooooooc 



7 Z=n v = 




7=^ 




DATA OUT 
* FROM COLUMN "A" 



NEW DATA OUT 
FROM COLUMN "B" 



*3 If SE goes to"H" level, SIOj enters the high impedance state, 
but the serial data selector continues to function. 
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SERIAL INPUT MODE 



RAM ►SAM AT START , PSEUDO WRITE 

I TRANSFER 



RAS 



CAS 



A0-A7 



WB/WE 



DT/OE 



SE 



SC 



SIOj 




SAM ■* RAM (ROW R4) 



~v r ^^\ y 



X)0(^rX3©C^4>OC 





<XXXWX)C 



DATA OUT 

FROM COLUMN "A" 


| DATA IN 

FROM 
COLUMN "C" 


I SAM ■►RAM 
TRANSFER 
TO ROW R4 


" UA 1 A IN 

FROM 
COLUMN "D 



*4 If SE goes to "H" level, SIO, input data is ignored, 
but the serial data selector continues to function 
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DC Characteristics (Note 1, 5) 

Ta=0~70°C, Vcc = 5V±10%, Vss = 0V, unless otherwise specified. 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


Notes 


Vli 


Input Leakage Current 
(any input pin) 


-10 


10 


fiA 


Vss<Vin<V C c 




Ilo 


Output Leakage Current 
(for High-Z State) 


-10 


10 


fxA 


Vss<Vout<Vcc, RAS, 
CAS and SE at Vih 




Icci 


Vcc Supply Current 


80ns 


- 


70 


mA 


RAS/CAS Cycling, 
SAM port TTL Standby 
tRc(min), SC = Vil 


2,3 


100ns 


— 


60 


120ns 


— 


50 


ICC2 


Vcc Supply Current, TTL 
Standby 




8 


mA 


RAM/SAM ports TTL 
Standby, RAS, CAS at 
Vih, I/0>V SS , SC = Vil 




ICC3 


Vcc Supply Current 
RAS-Only Refresh 


80ns 


— 


70 


mA 


RAS Cycling, CAS at Vih 
SAM port TTL Standby 
tRc(min), SC = Vil 


2,3 


100ns 


— 


60 


120ns 


- 


50 


ICC4 


Vcc Supply Current 
Page Mode Operation 


80ns 


— 


* 60 


mA 


RAS = Vil, CAS Cycling 
SAM port TTL Standby 
tpc(min), SC = Vil 


2,3 


100ns 


— 


50 


120ns 


- 


40 


ICC5 


Vcc Supply Current 

CAS-before-RAS 

Refresh 


80ns 


- 


70 


mA 


RAS = Vil, CAS Cycling 
SAM port TTL Standby 
tpc(min), SC = Vil 


2,3 


100ns 


— 


60 


120ns 


- 


50 


ICC6 


Vcc Supply Current 
RAM/SAM Transfer Mode 


80ns 


— 


75 


mA 


RAS/CAS Cycling, SAM 
port TTL Standby 
tRc(min), SC = Vil 


2,3 


100ns 


- 


65 


120ns 


— 


55 


ICC7 


Vcc Supply Current 
Both Ports Active 


80ns 


- 


120 


mA 


RAS/CAS Cycling, SAM 
port Active. 
tRc(min), tscc(min) 


2,3 


100ns 


— 


100 


120ns 


- 


85 


ICC8 


Vcc Supply Current 
SAM Only Operation 


80ns 


— 


50 


mA 


RAS/CAS at V ffl , 
I/0>Vss, SAM port 
Active, tscc(niin) 


2 


100ns 


— 


40 


120ns 


- 


35 


ICC9 


Vcc Supply Current 
RAS-Only Refresh and 
SAM Active 


80ns 


- 


120 


mA 


RAS Cycling, CAS at 
Vih, SAM port Active. 
tRc(min), tscc(min) 


2,3 


100ns 


— 


100 


120ns 


- 


85 


Iccio 


Vcc Supply Current 
Page Mode Operation 
and SAM Active 


80ns 


- 


110 


mA 


RAS = Vil, CAS Cycling 
SAM port Active. 
tpc(min), tscc(min) 


2,3 


100ns 


— 


90 


120ns 


- 


75 


Iccn 


Vcc Supply Current 
CAS-before-RAS 
Refresh and SAM Active 


80ns 


— 


120 


mA 


RAS/CAS Cycling, 
SAM port Active. 
tRc(min), tscc(min) 


2,3 


100ns 


— 


100 


120ns 


- 


85 
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DC Characteristics (Continued) 



Symbol 


Parameter 


Min 


Max 


Unit 


Test Conditions 


Note 


ICC 12 


Vcc Supply Current 
RAM/SAM Transfer 
Mode and SAM Active 


80ns 


- 


125 


mA 


RAS/CAS Cycling, 
SAM port Active. 
tRcjmin), tscc(min) 


2,3 


100ns 


— 


105 


120ns 


- 


90 


ICC 13 


Vcc Supply Current 
Both ports CMOS Standby 


80ns 


- 


6 


ma 


RAS, CAS, SE, WB/WE, 
DT/OE> Vcc -0.5V 
SC<0.6V 




100ns 


— 


6 


120ns 


- 


6 


Vol 


Output Low Voltage 






0.4 


V 


Iol = 4.2mA 




Voh 


Output High Voltage 




2.4 




V 


Iqh = - 5mA 





Capacitance* 



Symbol 


Parameter 


Typ 


Max 


Unit 


ClNl 


Address Input Capacitance 




5 


pF 


ClN2 


KX5, CAS, WB/WE, SE, SC, DT/OE 
Capacitance 




8 


pF 


CoUT 


I/O Capacitance 




7 


pF 



*Note: Capacitance is sampled and not 100% tested. 
AC Test Conditions 



Input Rise Levels 


to3.0V 


Input Rise and Fall Times 


5 ns between 0.8 and 2.4V 


Input Timing Reference Levels 


0.8 and 2.4V 


Output Timing Reference Levels 


0.8 and 2.4V 


Output Load (RAM Port) 


2 TTL and lOOpF 



Output Load (SAM Port) 



2 TTL and 50pF 
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AC Characteristics (Note 1,4, 5, 6) 

Ta=0~70°C, Vcc = 5V±10%, Vss = 0V unless otherwise specified. 

Read, Write, Read-Modify-Write and Refresh Cycles 



Symbol 


Parameter 


GM53C261-80 


GM53C26M0 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


t T 


Transition Time (Rise and Fall) 


3 


25 


3 


25 


3 


25 


ns 




tREF 


Refresh Interval (256 Cycles) 




4 




4 




4 


ms 




tRC 


Read or Write Cycle Time 


145 




175 




205 




ns 




tRAS 


RAS Pulse Width 


80 


37K 


100 


37K* 


120 


37K 


ns 




tRP 


RAS Precharge Time 


55 




65 




75 




ns 




tcSH 


CAS Hold Time 


80 




100 




120 




ns 




tCAS 


CAS Pulse Width 


25 




30 




35 




ns 




tASR 


Row Address Setup Time 

















ns 




tRAH 


Row Address Hold Time 


15 




15 




15 




ns 




tCRP 


CAS to RAS Precharge Time 


10 




10 




10 




ns 




tRCD 


RSS to CAS Delay 


25 


55 


25 


70 


25 


85 


ns 


7 


tASC 


Column Address Setup Time 

















ns 




tCAH 


Column Address Hold Time 


15 




20 




20 




ns 




tRSH 


RAS Hold Time 


25 




30 




35 




ns 




tDHS 


DT High Setup Time 

















ns 




tDHH 


Of High Hold Time 


20 




20 




20 




ns 




tAR 


Column Address Hold Time from RAS 


60 




70 




80 




ns 




tRAC 


RAS Access Time 




80 




100 




120 


ns 


8,9 


tCAC 


CAS Access Time 




25 




30 




35 


ns 


9,10,11 


tCAA 


Column Address Access Time 




40 




45 




55 


ns 


9 


tRCS 


Read Command Setup Time 

















ns 




tRRH 


Read Command Hold Time 
RAS -Referenced 


5 




5 




10 




ns 


12 


tRCH 


Read Command Hold Time 
CAS-Referenced 

















ns 


12 


tCAC 


OE Access Time 




20 




25 




30 


ns 


9 


tHZ 


OE or CAS to Output High-Z 




20 




25 




30 


ns 


13 


tLZ 


OE or CAS to Output Low-Z 

















ns 




tOH 

— 


Output Hold Time from OE or CAS 

















ns 
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Write Cycle 


Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRWL 


Write Command to RAS Lead Time 


25 




30 




35 




ns 




tcWL 


Write Command to CAS Lead Time 


25 




30 




35 




ns 




twp 


Write Command Pulse Width 


15 




20 




25 




ns 




twcs 


Write Command Setup Time 

















ns 


14 


twCH 


Write Command Hold Time 


15 




20 




25 




ns 




tDS 


Data in Setup Time 

















ns 




tDH 


Data in Hold Time 


15 




20 




25 




ns 




twBS 


Write Mask Setup Time 

















ns 




t\VBH 


Write Mask Hold Time 


20 




20 




20 




ns 




tws 


Write Mask Select Setup Time 

















ns 




t\VH 


Write Mask Select Hold Time 


20 




20 




20 




ns 




tOEH 


OE Hold Time Referenced to WE 


10 




10 




15 




ns 




t\VCR 


Write Hold Time from RAS 


65 




80 




95 




ns 




tDHR 


Data Hold Time from RAS 


65 




80 




95 




ns 




Read-Modify- Write Cycle 


Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tRWC 


Read-Modify-Write Cycle Time 


205 




245 




285 




ns 




tRRW 


RMW Cycle RAS Pulse Width 


140 


37K 


170 


37K 


200 


37K 


ns 




tCRW 


RMW Cycle CAS Pulse Width 


85 




100 




115 




ns 




tRWD 


RAS to WE Delay 


110 




135 




160 




ns 


14 


tcWD 


CAS to WE Delay 


55 




65 




75 




ns 


14 


tAWD 


Column Address to WE Delay 


70 




80 




95 




ns 




tOED 


OE to Data in Delay Time 


20 




25 




30 




ns 




Fast Page Mode Operation 


Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tpc 


Page Mode Cycle Time 


55 




60 




70 




ns 




tcp 


CAS Precharge Time 


15 




20 




25 




ns 




tCAP 


Access Time from Column Precharge 




50 




55 




65 


ns 


15 
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CAS-before-RAS Refresh Cycle 



Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tcSR 


CAS-before-RAS Refresh Setup Time 


10 




10 




10 




ns 




tCHR 


CAS-before-RAS Refresh Hold Time 


25 




25 




25 




ns 




tRPC 


RAS Precharge to CAS Active Time 

















ns 





Read/Write r Pseudo Write Transfer and Serial Read/Write Cycle 



Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tscc 


Serial Clock Cycle Time 


30 




35 




40 




ns 




tsCL 


SC Precharge Time 


10 




10 




10 




ns 




tsoo 


SE to Serial Out Setup Time 












5 




ns 




tS0H 


Serial Out Hold after SC High 












5 




ns 




tsCA 


Serial Output Access Time from SC 




25 




30 




35 


ns 


16 


tS0A 


Serial Output Access Time from SE 




20 




25 




30 


ns 


16 


tsoz 


Serial Output Disable Time from SE 
High 




15 




20 




25 


ns 


13 


tsCH 


SC Pulse Width 


10 




15 




15 




ns 




tS0E 


SE Pulse Width 


10 




10 




10 




ns 




tsop 


EE Precharge Time 


10 




10 




10 




ns 




tDLS 


Transfer Command to RAS Setup Time 

















ns 




tRDH 


Transfer Command to RAS Hold Time 


60 




75 




90 




ns 




tCDH 


Transfer Command to CAS Hold Time 


20 




25 




30 




ns 




tSDD 


SC to Transfer Command Lead Time 


10 




15 




20 




ns 




tSDH 


SC Hold Time after DT High 


10 




10 




10 




ns 




tszs 


Serial Data Input to DT High Delay 
Time 

















ns 




tDTP 


DT Precharge Time 


20 




25 




30 




ns 




tTRP 


DT to RAS Precharge Time 


65 




75 




85 




ns 




tsws 


Serial Write Enable Setup Time 


10 




10 




10 




ns 




tsWH 


Serial Write Enable Hold Time 


10 




15 




20 




ns 




tswis 


Serial Write Disable Setup Time 


10 




10 




10 




ns 




tsWIH 


Serial Write Disable Hold Time 


10 




15 




20 




ns 




tSRS 


SC to RAS Setup Time 


10 




20 




20 




ns 
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AC Characteristics (Cont'd) 

Read/ Write, Pseudo Write Transfer and Serial Read/ Write Cycle 



Symbol 


Parameter 


GM53C261-80 


GM53C261-10 


GM53C261-12 


Unit 


Note 


Min 


Max 


Min 


Max 


Min 


Max 


tES 


Pseudo Transfer Command (SE) 
to RX3 Setup Time 

















ns 




tEH 


Pseudo Transfer Command (SE) 
to RA5 Hold time 


20 




20 




20 




ns 




tsis 


Serial Data in Setup Time 

















ns 




tsiH 


Serial Data in Hold Time 


10 




10 




10 




ns 




tSDS 


SC to DT High Setup Time 

















ns 




tsCR 


SC to RAS Precharge Setup Time 

















ns 





Notes : 

1. All voltages are referenced to Vss- 

2. Ice is dependent on output loading when the device output is enabled. Ice (max.) is measured with all 
outputs open. 

3. Ice is dependent on the number of address transitions while CAS is at Vih. Specified Ice (max.) is meas-. 
ured with a maximum of two transitions per address input per random cycle and one transition per address 
cycle in Fast Page Mode. 

4. Vih (min.) and Vil (max.) are the reference levels for measuring input signal timing. Transition times are 
measured between Vih (min.) and Vil (max.) 

5. An initial pause of 200/as and 8 RAS-containing cycles are required when exiting an extended period of bias 
without clocks or upon Power Up. An extended period of time without clocks is defined as one that exceeds 
the specified Refresh Interval. 

t". AC characteristics assume tx = 5 ns. All AC measurements are made with a load equivalent to two TTL in- 
puts and either 50 or 100 pF in parallel. Vil (min.) > Vss and Vih (max.) < Vcc- 

7. tRCD (max.) is for reference only tRCD (min.) = tRAH (min) + 2tx + tASC (min.) 

8. Assumes that tRCD < tRCD (max.). If tRCD>tRCD (max.), tRAC will increase by the amount that tRCD exceeds 
tRCD (max.) 

9. Measured with a load equivalent to 2 TTL loads and lOOpF in Parallel. 

10. Assumes ircd > tRCD (max.). 

11. If tAsc < (tcAA (max.)-tcAC (max.)-tT), access time is defined by tcAA rather than tcAC- 

12. Either tRCH or tRRnmust be satisfied. 

13. An output disable time defines the time when the output reaches the open-circuit condition and is not refer- 
enced to output voltage levels. 

14. twcS/ tRWD and tcwD are specified for reference only. If Twcs > twes (min.), the cycle is a CAS controlled 
write cycle (Early Write), and the I/O pins will be at High-Z during the entire cycle. If tcwD > tcwo (min.), 
and tRwo. > tRWD (min.), the cycle is a Read-Modify- Write cycle, and the I/Opins will reflect the data read 
from the addressed location. If any of the above conditions is not satisfied, the condition of the Data Out 
pins will be indeterminate. 

15. Access time is determined by the longest of tcAA, tcAC and tcAP- 

16. Measured with a load equivalent to 2 TTL loads and 50 pF in parallel. 
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TIMING WAVEFORMS 
READ CYCLE 



V|H a 



RAS 



V, L b 



CAS 



V,H 



V|L 



V| H 



ADDRESS 



V|L 



V|H 



WB/WE 



V|L 



Vohc 



W/IOi 
(OUTPUTS) VoL d 



DT/OE 



VlH 
V|L 



"S 



tCRP- 



tASR— *■ 



-tRC- 



"S_ 



-tcSH- 



- tRAS- 



-tAR- 



-tRCD- 



"\ 



tASC- 



■*--tRAH-*' 



ROW 



ffl» 



tDHS—*- 



tRCS" 



-tRSH- 
- tCAS - 



/ 



A. 



-tCAH- 



COLUMN 



t 



tRRH h 



\ 



tRP- 



/ 



-tASR 



ROW 



* tcAA- 



-tRAC- 



-tCAC~ 



-HIGH-Z- 



"UX 



*DHH 




V\J 



" tRCH h 



VALID DATA 



? 



-tOAC 



-*-tLze 



-tHZ f 9 




-t H f 



NOTES: 

a., b. Vih and Vil (max) are reference levels for measuring 
timing of input signals. 

c, d. Voh (min) and Vol (max) are reference levels for measur- 
ing timing of Dout- _: 

e. tLz is referenced to the later or CAS and OE low transition. 



tHZ and toH are referenced to the earlier of CAS and OTT 

High transition. 

Transition is measured + 500 mV from steady state voltage 

with specified three state load (5 pF and a 380 Ohm Theve- 

nin equivalent). 

Either tRCH or tRRH must be satisfied. 
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WRITE CYCLE (EARLY WRITE) 



RAS 



V| H 
V|L 



\ 



tCRP-*- 



CAS 



V| H 
V|L 



tASR-^ 



ADDRESS 



V| H 



VlL 




-tRC- 



- tcSH - 



-tRAS- 



-tAR- 



-tRCD- 



V 



tASC- 



-•-tRAH-^ 



ROW 



tWBS-»» 



V|H 



WB/WE 



V|L 



V| H 




tws- 



W/IOi 
(INPUTS) V(L 



_r 



VOH 



W/IOi 



(OUTPUTS) Vol ^ . 



V| H 



DT/OE 



-tRSH- 
-tCAS " 



~t- 



-tCAH- 



COLUMN 



-*-tWBH-^ 



A 



-twCH" 



-twP- 



tDS- 



tWH 




^^-tDH— *• 



VALID DATA 



- tDHR - 



-twCR- 



-HIGH-Z- 



V| L 



-tDHH 



A 



\ 



-tRP- 



/ 




^-tASR 



ROW 



A_ 
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WRITE CYCLE (DELAYED WRITE) 



V|H 



RAS 



V|L 



tCRP- 



CAS 



V|H 



V|L 



ADDRESS 



V| H 



V|L 



V| H 



WB/WE 



V| L 



V| H 



W/IOi 
(INPUTS) V|L 



VOH 

W/IOi 
(OUTPUTS) Vol 



tASR- 




-tRC- 



"^. 



-tcSH- 



-tRAS- 



-tAR- 



tRCD * 



"V 



-*— tRAH- 



tASC- 



ROW 



Jr 



V 



/ 



-tRSH- 
-tCAS- 



-tCAH - 



COLUMN 



♦ tRWL*- 



tWBS— #• 




tws- 




-C 



V| H /\A/\, l 



DT/OE 



-twCH- 



-tWBH 



7 



Jf 



tDS— *■ 



-tWH 




-tcWL ' 

-tWP 



\ 



-tRP- 



/ 



-tASR 



ROW 



"SL_J 




VALID 
DATA 



-tDHR- 



-twCR- 



-HIGH-Z- 



-^-tDHS 



V|L 



-tDH 




-tDHH- 



-tQEH 
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READ-MODIFY-WRITE CYCLE 



V| H 



RAS 



V|L 



CAS 



V| H 



V|L 



ADDRESS 



V| H 



V|L 



V| H 



WB/WE 



V|L 



V,H 



W/IOi 
(INPUTS) VjL 



W/IOj 
(OUTPUTS) 



V| H 



DT/OE 



V|L 
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FAST PAGE MODE READ CYCLE 



RAS 



CAS 



V| H 



V|L 



V| H 
V|L 



s 



tCRP 



K_ 



tRAS 



tCSH 



tAR 



tRCD 



tASC ^ 



tASR(6)_ 



V, H 

ADDRESS X XROWJ 

Vil 



-tRAH 




WB/WE 



W/IOi 



V| H 



V|L 



VOH 



(OUTPUTS) vol 



V, H 

DT/OE 

V|L 



tDHS"*- 



J- 



tpc 



tCAS 



tCAH 



COLUMN 



tRCS 



.r 



/ 



tcp 

tASC 




tRCH 



tCAA 



tCAC 



tRAC 



HIGH-Z- 



tDHH 



v tcAP 



tLZ 






tCAS 



/ 



tCAH 



COLUMN 



♦ -tRCS tRCH-»» 



tCAA 



tCAC 



tOAC 



w ^m mr. 

[+-*- tQH 



tHZ 



tLZ 



tOAC 



tASC- 



tRSH 
tCAS 



/ 






} 



tCAH 



COLUMN 



tRRH 



«• • tRCS 



tRP 



■^-tRCH 



-tASR 



ROW 



»" tcAP 




tCAA- 
"«-tCAC-*> 



S- — $§ 



-44 tHz 

»■ 



tLZ 



i 



W-tHZ 
tOAC 
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FAST PAGE MODE WRITE CYCLE 



RAS 



CAS 



ADDRESS 



WB/WE 



V|H 



ViL 



V| H 



V|L 



V| H 



V|L 



V| H 



V|L 







V| H 

W/IOi 
(INPUTS) V, L 



w/iOi VoH 

(OUTPUTS) Vol 



V,H 

DT/OE 

V|L 
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KAS-ONLY REFRESH CYCLE 



V|H " 

RAS a 

V| L b 



tCRP- 



CAS 



ADDRESS 



WB/WE 



V|H 



V|L 



V| H 



V|L 



V| H 



V|L 



tRC 



tRAS 



r 



tRPC- 



tASR- 



tRP 



\ 



*^ 



tRAH 



ROW 



W/IOi VoH . 
(INPUTS) Vol 



tDHS • 



DT/OE 



V| H 



V|L 



-tCRP 



-tASR 



ROW 



-HIGHZ- 



tDHH 



tDHS- 



tDHH 
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HIDDEN REFRESH CYCLE 



READ CYCLE 



HIDDEN REFRESH CYCLE 



RAS 



CAS 



Ifv 



ADDRESS A A ROW 

V|L 



WB/WE 



W/IOj 
(INPUTS) Vol 

tDHS— ► 



DT/OE 
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CAS BEFORE RAS REFRESH CYCLE 



RAS 



CAS 



V| H 



VlL 



V| H 



VlL 



/ 



tRC 



tRP 



tRPC 



/ 



tCP 



tCSR 



\ 



\ 



tRAS 



A 



tCHR 



£i^r 



W/IOj V|H 
(OUTPUTS) V(L 



HIGHZ 



A0-A7= DON'T CARE 
DT/OE = DON'T CARE 
WB/WE = DON'T CARE 
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READ TRANSFER CYCLE (RAM-SAM) SERIAL READ SETUP 4 



RAS 



CAS 



V|H 



V|L 



V| H 



tCRP- 



tRC 



\ 



tCSH 



tRAS 



tAR 



J' 



tRCD 



V, L 




*ASR 



V| H 



ADDRESS 



WB/WE 



DT/OE 



V|L 



®et 



tWBS — **| H 



tASC-^ 
tRAH 



K 



tRSH 



tRP 



\ 



tCAS 



tCAH 



COLUMN 



V| H 



Vil 



V| H 



V|L 




tDLS— * 



-tWBH 



\ 



tRDH 



/ 



tCDH 



W/IOj v oh 
(INPUTS) VoL 



tTRP 



-tASR 



ROW 



7 t D TP \ 



-HIGH-Z- 



SE 



SC 



V| H 
V|L 

V| H 
V|L 




tSOA 



tsoo 



tSDH 



tSCL 



\L 



SIO, 
(OUTPUTS) 



SIOj 
(INPUTS) 



tSCH 



-HIGHZ- 



tSOA 



1 



J L VALID \ 



tsoz 



V| H 



V|L 




■tszs 



NOTE: *IN THE CASE THAT THE PREVIOUS TRANSFER IS WRITE TRANSFER. 
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REAL-TIME-READ TRANSFER CYCLE (RAM-SAM) 



RAS 



CAS 



ADDRESS 



WB/WE 



V|H, 



V|L 



tCRP - 



V|H 



V|L 



tRC 



\ 



tCSH 



tRAS 



tAR 



tRCD 



tASR 



V| H 



vil JL/'K 




tRAH 



ROW 




_tRSH_ 



/ 



tCAS 



tCAH 



COLUMN 



twBS Mk*4-twBH 



tRP 



/ 




V 



-tASR 



ROW 



Vih 



V|L 




tDLS- 



V, H 

DT/OE 

V|L 




tCDH 



tRDH 



¥ 



W/IOj v on_ 
(INPUTS) Vol 



tTRP 




tDTP 




-HIGHZ- 



V| H> 
Vil 

V| H 

Vil . 

sio, VoH " 

(OUTPUTS) VoLta 



SE 



sc 



tscc 



^zt=^^^ 



tSCA 



tSDD 



tSDH 



tSOH 



tSCA 



-^-tSOH 



)@£"E$X~3@£ 



- NEW ROW DATA 
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WRITE TRANSFER CYCLE (SAM-RAM) 



RAS 



CAS 



V|H 



V|L 



tCRP 



tRC 



V| H 



V|L 




tCSH 



tRAS 



tAR 



tRCD 



tASR- 



ADDRESS 



WB/WE 



V| H 



V|L 

tWBS 
V| H 

V|L i 



ROW 



tASC - 
tRAH 



tDLS- 



V, H 

DT/OE 

V|L 

W/IOi VoH , 
(OUTPUTS) Vol 




tES- 



SE 



SO 



V| H 
V|L 

V| H 
V|L 



■ tWBH 



tEH 



¥ 



V|H 
SIOj VALID DATA ' 



(INPUTS) V|L 



\ 



-tRSH-i ► ■+ 



tCAS 



"tCAH 



COLUMN 



tCDH 



tRP 



/ 



\ 



-tASR 



ROW 




tRDH 



'/. 



tSCR 



tTRP 



tDTP 




ilGHZ- 




-ih 



tSDS 
tSCL 




tSDH 



tscc 



tSCH 
tSIH 



VALID 
DATA* 



JSp^ 




VALIDj DATA 



> 



-tsis 



NOTE* IF SE IS "H" LEVEL, THE SERIAL INPUT DATA ARE NOT WRITTEN INTO THE DATA REGISTER, BUT THE SERIAL 
DATA SELECTOR CONTINUES TO FUNCTION. 
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PSEUDO WRITE TRANSFER CYCLE SERIAL WRITE SETUP 



RAS 



V|H 



V|L 



tCRP- 



CAS 



V| H 



V|L 



:tRC- 

_tcSH — 



-tRAS- 



-tAR- 



/ 



tRCD 



ADDRESS 



WB/WE 



tASR 



V| H 
V|L 
tWBS 

V| H 
V|L 




tRAH 



y — 

ROW 

* A 



tASC- 




\ 



tRSH 



tCAS 



r 



tCAH 



COLUMN 



tRP 



\ 



Jr 



tASR 




ROW 




tCDH 



-tWBH 



DT/OE 



tDLS 

V| H 

V|L 
V| H 




tRDH 



.1 



tTRP 



.r 



tDTP 



W/!Oi 
(INPUTS) V, L 



HIGH Z 



tES — 



SE 



SC 



SlOi 



V| H 



V|L 



V| H 



Vli 1 



tEH 



tSCR 



V| H 



(INPUTS) V| L 



tSDS 



tSCL 



-tSDH 



tscc 



X3teK 



HIGHZ 



) VALID 
i DATA' 



tsoz 



SlOi V|H 

^ ,U| VALID DATA 

(OUTPUTS) Vil 



"V 



tslH 



VALID DATA* 



> 



>■ 



-tsis 



HIGHZ 



NOTE* IF SE IS "H" LEVEL, THE SERIAL INPUT DATA ARE NOT WRITTEN INTO THE DATA REGISTER, 
BUT THE SERIAL DATA SELECTOR IS WORKED. 
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SERIAL WRITE CYCLE 



VlH 



RAS 



VlL 



\ 



/ 



V, H 

DT/OE 

VlL 





V| H 



SIOj 
(INPUTS) V)L 



"^. 



DATA 
INPUT 



.INPUT, 



*" / ^ K^} sA/\ ^ VALI0 



AV\ 



I 



DATA 
INPUT. 
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SERIAL READ CYCLE 



RAS 



V| H 



V|L 



/ 



DT/5E 



V| H 
V|L 



SE 



V| H 



V|L 



sc 



V| H 
V|L 



SIO, 
(OUTPUTS) 



V| H 



V|L 



J 



\ 



tsoz- 



-tsop 



\ 



tSCL 



tSCH 



tsoo- 



tS0E 



tscc »- ■< tecc ». +* tscc 



H 



tSOA 



tSCL 



#» A f tSCH \ * « ► T * 



DATA 
OUTPUT 



tSOH 



tSCA 



:/ 



tsoz 



tSCL ■+■ 



tSCH 



DATA 
OUTPUT 



tSOH 



W. 



tSCA 



DATA 
OUTPUT 
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Package Dimensions 
24 ZIP 



Unit: inches (mm) 



0.050(1.27)- 



L 








1.198(30 


43 


) M 


IN 






















1.227(31.17) MAX 




o 


- ? z 

co" 

CM 

00 

lO 
CM 
CO 

-. d ' 


CD 






i 
i 

l 


! 














016 (0 41) MIN 






0.110(2 
0.150 (3. 






1— 










0.050(1 .27)TYP*- 






4 0.024 (0.61 ) MAX 











































.79) MIN 
.81) MAX,, 



0.104 (2.64) MIN 



0.120 (3.05) MAX 



0.008 (0.2) MIN 



0.012 (0.3) MAX 
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INTRODUCTION 



DRAM DATA SHEET 




DRAM MODULE DATA SHEET 





MUETIPORT VIDEO RAM DATA SHEET 



SRAM DATA SHEET 



MASK ROM DATA SHEET 



DISTRIBUTORS 
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GM76C28A 

2,048 WORDS x 8 BIT 
CMOS STATIC RAM 



Description 

The GM76C28A is 2,048 words x 8 bits asyn- 
chronous, static random access memory on a 
monolithic CMOS chip. Its very low standby pow- 
er requirement makes it ideal for applications re- 
quiring non-volatile storage with back-up 
batteries. The asynchronous and static nature of 
the memory requires no external clock or refresh- 
ing circuit. Both the input and output ports are 
TTL compatible and the 3-state output allows easy 
expansion of memory capacity. 

Features 

• Access time: 100/ 120ns 

• Low Power Consumption 
Standby: 1/xA 
Operation: 25/30mA 

• Complete static operation 

• Single power supply: 5V±10% 

• TTL compatible inputs and outputs 

• 3-state output with Wired-OR capability 

• Non-volatile storage with back-up batteries 

• Standard 24 DIP (600mil)/24 SOP (330mil)/ 
24 DIP (300mil) 

Pin Description 



Pin 


Function 


A0-A10 


Address Inputs 


R/W 


Read/Write 


OE 


Output Enable 


CS 


Chip Select 


I/O0-7 


Data Input/Output 


Vcc 


Power Supply ( + 5V) 


Vss 


Ground 



Pin Configuration 




(Top View) 
Block Diagram 



A0 - 
Al - 
A2 - 
A3 - 

A4 - 
A5 - 
A6 - 
A7- 
A8 - 
A9 - 
A10- 



OE- 
R/W- 



Q 
O 
V 



MEMORY CELL ARRAY 
256x8x8 



COLUMN GATE 



X DECODER 

CS CONTROL 
LOGIC 

OE K/W 



CONTROL LOGIC 



INPUT/OUTPUT 
BUFFER 



TT 



oooooooo 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-65-150 


°c 


Vin/Vout 


Voltage on any Pin Relative to Vss 


-0.5-7.0 


V 


Pd 


Power Dissipation 


1.0 


w 



*Note: Operation at or above "Absolute Maximum Ratings" can adversely affect device reliability. 
Recommended Operating Conditions (Ta = ~ 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.2 


- 


6.0 


V 


ViL 


Input Low Voltage 


-0.5 


- 


0.8 


V 



*A11 voltages are referenced to Vss pin = 0V. 
Truth Table 



cs 


OE 


R/W 


AO to A10 


DATA I/O 


MODE 


Ice 


H 


- 


- 


- 


Hi-Z 


Unselected 


ICCSI, ICCS2 


L 


L 


H 


Stable 


Output Data 


Read 


Ice 


L 


H 


L 


Stable 


Input Data 


Write 


Ice 


L 


L 


L 


Stable 


Input Data 


Write 


Ice 



Note: — means "H", "L" or "Hi-Z" 

Electrical Characteristics 

DC Electrical Characteristics (Vcc = 5V±10% / Vss = 0V, Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


GM76C28A 10 


GM76C28A-12 


Unit 


Min 


Typ* 


Max 


Min 


Typ* 


Max 


Vol 


Low Level Output Voltage 


Iol = 4.0mA 






0.4 






0.4 


V 


Voh 


High Level Output Voltage 


Ioh=- 1.0mA 


2.4 






2.4 






V 


Icci 


Operating Supply Current 


CS = Vil, Ii/ O = 0mA 




30 


60 




25 


50 


mA 


ICC2 


Vih = 3.5V, V IL = 0.6V, Ii/ O = 0mA 




16 






16 




mA 


Ice 


Average Operating Current 


Min cycle, duty =100%, Ii/o = 0mA 




30 


60 




25 


50 


mA 


Iccsi 


Standby Supply Current 


CS = Vm 




1.5 


3.0 




1.5 


3.0 


mA 


ICCS2 


CS = V CC -0.2V 




1 


50 




1 


50 


flA 


Il(L) 


Input Leakage Current 


Vcc = 5.5V, Vi = 0to Vcc 


-1 




1 


-1 




1 


fiA 


IO(L) 


Output Leakage Current 


CS = Vih, or OE = Vih, 
Vi/ O = to Vcc 


-1 




1 


-1 




1 


/xA 



* Typical values are for reference with Vcc = 5V and Ta = 25°C assumed. 



252 



GM76C28A 



AC Electrical Characteristics: 

Read Cycle (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


GM76C28A-10 


GM76C28A-12 


Unit 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


*1 


100 




120 




ns 


tAA 


Address Access Time 




100 




120 


ns 


tACS 


CS Access Time 




100 




120 


ns 


tCLZ 


CS Output Setup Time 


*2 


10 




10 




ns 


tOE 


OE Access Time 


*1 




55 




60 


ns 


tOLZ 


OE Output Setup Time 


*2 


5 




10 




ns 


tCHZ 


CS Output Floating 





40 





40 


ns 


tOHZ 


OE Output Floating 





40 





40 


ns 


tOH 


Output Hold Time 


*1 


10 




10 




ns 



Write Cycle: (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


GM76C28A-10 


GM76C28A-12 


Unit 


Min 


Max 


Min 


Max 


twc 


Write Cycle Time 


1 


100 


- 


120 


— 


ns 


tew 


Chip Select Time (CS) 


80 


- 


85 


- 


ns 


tAW 


Address Enable Time 


80 


- 


85 


- 


ns 


tAS 


Address Setup Time 





- 


. 


— 


ns 


twp 


Write Pulse Width 


65 


- 


70 •' 


■' — 


ns 


tOHZ 


OE Output Floating 


*2 





40 





40 


ns 


tWHZ 


R/W Output Floating 


*3 





45 





50 


ns 


tDW 


Input Data Setup Time 


*1 


45 


- 


50 


- 


ns 


tWR 


Address Hold Time 





- 





— 


ns 


tDH 


Input Data Hold Time 





- 





- 


ns 


tow 


R/W Output Setup Time 


*3 


5 


- 


10 


- 


ns 
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*1 Test conditions. 

1. Input pulse level: 0.8V to 2.2V 

2. t r = tf=10ns 

3. Input/output timing reference level: 1.5V 

4. Output load: 1 TTL + C L = 100pF 

*2 Test conditions. 

1. Input pulse level: 0.8V to 2.2V 

2. t r = tf=10ns 

3. Test circuit 

Vcc 

/SW1 
to scope 

^ 300 12 
to output terminal 



SW2 




Includes scope Vss 
and jig capacitances 



• Both SW1 and SW2 are closed when measuring 
tcHZ or toHZ- 

• SW1 is open and SW2 is closed when measuring 
Hi-Z-high of tcLZ or toLZ 

• SW1 is closed and SW2 is open when measuring 
Hi-Z-low tcLZ or toLZ 



Output turn-on turn-off time 



OE- 



l/O- 



Vl.5V 



tOLZ— * 
Hi-Z 



1.5V- 



• "H" "H" 



tOHZ 



0.5V 
"L" 0.5V 



Hi-Z 



*3 Test conditions. 

1. Input pulse level: 0.8V to 2.2V 

2. t r = tf=10ns 

3. Test circuit 



to output terminal . 



5pF, 
Includes scope 
and jig capacitances 



-«- 



-o — sw 



3000 



v S s 



* SW is set to the Vcc side when measuring Hi-Z- 
high and high-Hi-Z of tow or twHZ 

► SW is set to the Vss side when measuring Hi-Z 
low and low-Hi-Z of tow or twHZ 



Output turn-on turn-off time 

-J™ 



R/W 



I/O- 



Hi-Z 



tow 



/-0.1V 

- V o.iv 



"L" 



V 



^-twHZ 
VHi-Z 



"X.0.1VI 

yo.iv 




= 15V 
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READ CYCLE 1 (QE, CS CONTROL, R/W=HIGH) 



ADDRESS 



OE 



CS 



Dout 



X 



-tRC" 



-tAA~ 



i. 



-tOE" 



-tOLZ~* 



-tACS- 



X 



-tQH- 



I 



-tOHZ- 



I 



-tcHZ- 



VALID DATA 



m- 



READ CYCLE 2 (R/W CONTROL, OE = LOW, CS = LOW) 



ADDRESS 



R/W 



X 



7Z7 



tWR 



-tRC- 



-tAA- 



-tDH- 



Dout 



X 




tAS 



^X\ 




tQH 



VALID DATA 



X 
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WRITE CYCLE 1 (R/W CONTROL, OE = LOW) 



ADDRESS 



CS 



X 




\ 



\\WYA 



R/W 



Dout 



Din 



-twc- 



:\ 



wi-$m 



-tew- 



i. 



1 



-tAW 

4 twp- 



i. 



+- twHZ- 



■*-tDW« 



^ 



-tWR- 



)( 




2 



/—^m 



-tow- 



-tDH- 



VALID DATA 



WRITE CYCLE 2 (R/W CONTROL) 



ADDRESS 



X 



« 7 



CS 



^s 



R/W 



Dout 



-twc- 



tWR 



li. 



♦t A S* 



-tew- 



.1 



1 



-tAW- 



^ 



-twp- 



-tQHZ- 



DlN 



-tow •* 



Z 



} r ~^ 



KX 



-tDH- 



VALID DATA 
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WRITE CYCLE 3 (CS CONTROL, OE = LOW) 



ADDRESS 



)( 



CS 7 



R/W 



DoUT 



Din 



\ 



-twc- 



-tAS- 



^^ 



^^ 



-tew- 



f 



-tAW- 



f 



1\ 



-tCHZ- 



<X 



-tow- 



tWR 



)C 



tDH 



VALID DATA 



A 



m 



257 



GM76C28A 



Capacitance (f=lMHz, Ta=25°C) 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Unit 


Ci 


Input Capacitance 


Vi = 0V 




4 


6 


pF 


Ci/o 


I/O Capacitance 


Vi/o = 0V 




6 


8 


pF 



Data Retention Characteristics Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Unit 


VcCR 


Data Retention Supply Voltage 


CS>Vccr-0.2V 


2.0 


- 


5.5 


V 


ICCR 


Data Retention Current 


V C c=3.0V, CS>2.8V 


- 


- 


25 


liA 


tCDR 


Chip Select Data Hold Time 


Refer to the figure below 





- 


- 


ns 


tR 


Operation Recovery Time 


tRC* 


- 


- 


ns 



*tRc- read cycle time 

Data retention timing 



Vcc 



cs 



.*-tCDR— *• 



Data retention mode 



\ 



4.5V V D DR>2.0V 



4.5V ^ L 



' U-zm V 



CS>V D DR-02V 



y 



^ 



Note: When retaining data in standby mode, supply voltage can be lowered within a certain range. Read or write cycle cannot be performed 
while the supply voltage is low. 
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Package Dimensions 
24 DIP 





1.245 (31.623) 


MIN 






n n 


1.265 (32.131) MAX 

nnnnnnnnn 


n 




) 
o 


z 
c\T 

CO 

o 
co 
m 
d 

< 


X 

< 

o 
r^ 

O) 
CO 

o 
w 
m 
d 

1 


u u 


u u u u u 

0.05(1.27) MIN 




U U U 


TT 






0.065 (1.65) MAX 







0.145 (3.683) MIN 



24 SOP 

HHnHHBHHnBBHHn 




FrrrrrnrnrsT 



§ 



Unit: inches (mm) 



0°~15° 



\ 



0.600 (15.240) TYP 



0.008 (0.200) MIN 



0.015 (0.380) MAX 



7 



0.170(4.318) MIN 




j / 0.03 (0 
0-8° -^Hr~ 1 0.05(1 



0.03 (0.76) MIN 



27) MAX 





0.604 (15.34) MIN 






0.094 (2.39)MIN 


0.610 (15.49) MAX 


I ' 


0.110 (2.79)MAX 


1 \ 


i 


W 


0.014 (0.36)MIN 


R 


mm* 

0.050(1.270) 


=L_ 


' 




f 0.002 (0.05) MIN 
0.014 (0.36)MAX 




0.020 (0.51) MAX 


BSC 



V 



0.008 (0.20) MIN 



0.012 (0.30) MAX) 
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24 SKINNY 



UNIT: INCH (mm) 



MAX 
MIN 



- 2 • EJECTION MARK (OPTION 1 ) / r- PIN • 1 




NOTE 

1. LEAD FRAME, COPPER TTT 

2. LEAD FINISH, SOLDER PLATED OR 
SOLDER COATED. 

3. BACK EJECTOR PIN MARKED "KOREA" 

4. BOTH PACKAGE LENGTH AND WIDTH 
DO NOT INCLUDE FLASH. 

5. CONTROLLING DIMENSION; INCHES (mm) 



1.245(31.623) 



0.080(4.572) 
0.155(3.937) 



0.145(3.683) 
0.135(3.429) 



xm 



flJUUUMi 



),: 



.035(0.889) . 

020(0.508) g ~ 



0.140(3.556) 
0.120(3.048) 




0.090(2.286) 
0.070(1.778) 



0.065(1.650) 
0.050(1570) 



0.021(0.533) 0.100(BSC) 
0.015(0.381) (2.540) 
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GM76C88AL 

8,192 WORDS x 8 BIT 
CMOS STATIC RAM 



Description 

The GM76C88AL is 65,536 bit static random acce- 
ss memory organized as 8,192 words by 8 bits 
using CMOS technology and operated from a 
single 5V supply. Advanced Circuit techniques 
provide low power feature with a maximum oper- 
ating current of 40mA and standby current of 
max. 100/xA. Its very low standby power require- 
ment makes it idel for applications requiring non- 
volatile storage with back-up batteries. The asyn- 
chronous and static nature of the memory requires 
no external clock or refreshing circuits. 

Features 

• Access Time: 150ns. 

• Low Power Consumption 
Standby: 2/*A 
Operation: 3mA 

• Completely Static RAM: No Clock or Timing 
Strobe Required 

• Non-Volatile Storage with Back-Up Batteries 

• 3-State Output with Wired-OR capability 
•Directly TTL Compatible: All Inputs and 

Outputs 

• Single + 5V Operation (±10%) 

• Standard 28 DIP and SOP capability 

Pin Description 



Pin 


Function 


A0-A12 


Address Inputs 


WE 


Write Enable Input 


CSLCS2 


Chip Select 


OE 


Output Enable 


I/O0-I/O7 


Data Inputs/Outputs 


Vcc 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


No Connection 



Pin Configuration 




(Top View) 



Block Diagram 



A10 
A11 
A12 



SST- 

CS2- 



OE - 
WE- 





Address 
Buffer 


9 


Y 
Decoder 


— 


4 









"X 
Decoder* 







Memory Cell Array 
512x16x8 



CS1.CS2 

Chip 

Control 



► OE, WE 

Chip 
• Control 



iililii 1 



261 



GM76C88AL 



Absolute Maximum Ratings 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-65-150 


°c 


Tsol 


Soldering Temperature and Time 


260, 10 (at lead) 


°c, s 


Vcc 


Supply Voltage 


-0.5-7.0 


V 


VlN 


Input Voltage 


-0.5-7.0 


V 


Pd 


Power Dissipation 


1.0 


w 



Recommended Operating Conditions (Ta=0~70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.2 


- 


6.0 


V 


ViL . 


Input Low Voltage 


-0.5 


- 


0.8 


V 



Truth Table 



CS1 


CS2 


OE 


WE 


Al to A12 


DATA I/O 


MODE 


H 


X 


- 


- 


- 


Hi-Z 


Unselected 


- 


L 


- 


- 


- 


Hi-Z 


Unselected 


L 


H 


X 


L 


Stable 


Input Data 


Write 


L 


H 


L 


H 


Stable 


Output Data 


Read 


L 


H 


H 


H 


Stable 


Hi-Z 


Output disable 



Note: X means don't care. — means "H", "L" or "Hi-Z" 

DC Electrical Characteristics (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


GM76C88AL-15 


Unit 




Min 


Typ*l 


Max 


VOH 


High Level Output Voltage 


Ioh= -1.0mA 


2.4 


Vcc-0.1 


- 


V 


Vol 


Low-Level Output Voltage 


Iol = 4.0mA 


- 


0.2 


0.4 


V 


Icci 


Operating Supply Current 


Vi = Vil, Vm 
Ii/O = 0mA 


tRC = l^S 


- 


6 


10 


mA 


tRc = Min 


— 


25 


40 


ICC2 


Vi = 0.2V/Vcc-0.2V 
Ii/O = 0mA 


tRC = 1ms 


- 


3 


5 


mA 


tRc = Min 


- 


20 


35 


Iccsi 


Standby Supply Current 


CSi=Vi H or CS2 = Vi L 


- 


1.5 


3.0 


mA 


ICCS2 


CS1 = CS2> Vcc-0.2Vor CS2^0.2V 


— 


2 


100 


M 


Il(L) 


Input Leakage Current 


Vi = 0to Vcc 


-1 


— 


1 


(xA 


IlO(L) 


Output Leakage Current 


CS1=Vih or CS2 = Vil or W1 = Vil 
or OE = Vm Vi/ O = to Vcc 


-1 


— 


1 


liA 



*1 Typical values are for T A = 25°C and Vcc = 5.0V 
262 



GM76C88AL 



AC Operating Characteristics: (Vcc = 5V±10%, Ta = 0~70°C) 
Read Cycle 



Symbol 


Parameter 


Conditions 


GM76C88AL-15 


Unit 


Min 


Max 


tRC 


Read Cycle Time 


*1 


150 


- 


ns 


tAA 


Address Access Time 


- 


150 


ns 


tACSl 


Chip Select 1 Access Time 


- 


150 


ns 


tACS2 


Chip Select 2 Access Time 


- 


150 


ns 


tOE 


Output enable access time 


- 


70 


ns 


tCLZl 


Chip Select 1 Output Setup Time 


*2 


10 


- 


ns 


tCHZl 


Chip Select 1 Output Floating 


- 


70 


ns 


tCLZ2 


Chip Select 2 Output Setup Time 


10 


- 


ns 


tCHZ2 


Chip Select 2 Output Floating 


- 


70 


ns 


tOLZ 


Output Enable Output Setup Time 


5 


- 


ns 


tOHZ 


Output Enable Output Floating Time 


- 


60 


ns 


tOH 


Output Hold Time 


*1 


30 


- 


ns 



Write Cycle 



Symbol 


Parameter 


Conditions 


GM76C88AL-15 


Unit 


Min 


Max 


twc 


Write Cycle Time 


*1 


150 


- 


ns 


tcwi 


Chip Select Time 1 


120 


- 


ns 


tcW2 


Chip Select Time 2 


120 


- 


ns 


tAW 


Address Enable Time 


120 


- 


ns 


tAS 


Address Setup Time 





- 


ns 


twp 


Write Pulse Width 


100 


- 


ns 


tWR 


Address Hold Time 





- 


ns 


tDW 


Input Data Setup Time 


60 


- 


ns 


tDH 


Input data hold time 


*3 





- 


ns 


tWHZ 


R/W Output Floating 


- 


70 


ns 


tow 


R/W Output Setup Time 


10 


- 


ns 
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*1 Test Conditions 

1. Input pulse level: 0.8V to 2.2V 

2. tr = tf = 10ns 

3. Input and output timing reference levels 1.5V 

4. Output load 1ttl + Cl = lOOpF 

*2 Test Conditions 

1. Input pulse level: 0.8V to 2.2V 

2. tr = tf = 10ns 

3. Test circuit 



to scope ^ SW1 
to output terminal J i tj 



*3 Test Conditions 

1. Input pulse level: 0.8V to 2.2V 

2. tr = tf = 10ns 

3. Test circuit 



5pF^ 



Include scope, test 
tool capacity 



V 



sw: 



' SW2 



Vss 



Test: tcHZi, tcHZ2, toHZ Both SW1 and 

SW2 are close 
Test: tcLZi, t C LZ2, t LZ "Hi-Z" to "H" 

SW1 is open, SW2 is close 

Test: tcLZi, tcLZ2, toLZ "Hi-Z" to "L" 
SW1 is close, SW2 is open 



Output turn-on turn-off time 

OE -V 1.5V 1.5V 



tOLZ 



V 



I/O Hi-Z 



«'H" "H" 



1.5VL" "L" 



\ 



tOHZ 
0.5V Hi-Z 



0.5V 



Vcc 



30012 



to output terminal - 



5pF -J- 

Include scope, test 
tool capacity 



SW <f 



1kQ 



Vss 



Test: tow, t W HZ "Hi-Z" to "H" and "H" 
to "Hi-Z" SW is Vdd side 

Test: tow. twHZ "Hi-Z" to "L" and "L" 
to "Hi-Z" SW is Vss side 

Output turn-on turn-off time 



WE 



175- 



I 



r 



tow 



/+— 0.1V 



\ 



tWHZ 



\+-0.1V 
/-0.1V 



Hi-Z 



CS1 



CS2 



Vl.5V J-\. 



tCLZ1 



-/l.5V 



tCLZ2 



I/O Hi-Z 



*—•* tCHZ1 



1.5V -r 



"H" "H" 



tCHZ2 



"\ / ^ - 0.5V Hi-Z 
)-1.5V"L" "L" ) 1.5V 

y|\_ ?r a5v 
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TIMING WAVEFORMS 

READ CYCLE 



ADDRESS 



CS1 



CS2 



7 



OE 



V 



Dout 



-tRC- 



X 



-tAA- 





T 



r 



-tC02- 



-tLZ2- 



+ tQE- 



-tQLZ - 



High-Z 



(X>( 



X 



^ 



ILL 



-tHZ1 - 




i 



- tHZ2- 



-tOHZ- 



-tQH- 



VALID DATA 



]E>- 



x 



LI 



NOTE: 1) Wis high for Read Cycle 
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WRITE CYCLE (1) (OE clock) 



ADDRESS 



OE 



CS1 



CS2 



WE 



Dout 



Din 
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WRITE CYCLE (2) (OE Low Fix) 



ADDRESS 



CS1 



CS2 



WE 



Dout 




Din 



NOTES : 

1. A write occ urs d uring the overlap of a low CS1, a hi gh CS2 and a low WE, A write begins at the latest transi- 
tion among CS1 going low, CS2 goi ng hi gh and WE going low. A write ends at the earliest transition among 
CS1 going high. CS2 going low and WE going high twp is measured from the beginning of write to the end 
of write. 

2. tew is measured from the later of CS1 going low or CS2 going high to the end of write. 

3. tAS is measured from the address valid to the beginning of write. 

4. twR is measured from the end of write to the address change. twRi applies in case a write ends at CS1 or 
WE going high twR2 applies in case a write ends at CS2 going low. 

5. During this period, I/O pins are in the output state, therefore the input signals of opposite phase to the out- 
p uts m ust not be applied. 

6. If CS1 goes low simultaneously with WE going low or after WE going low , the outputs remain in high im- 
pedance state. 

7. Dout is the same phase of the latest written data in this write cycle. 

8. Dout is the read data of next address. 

9. If CS1 is low and CS2 is high during this period, I/O pins are in the output state. Therefore, the input signals 
of opposite phase to the outputs must not be applied to them. 
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Capacitance 


: (f=lMHz Ta = 25°C) 








Symbol 


Parameter 


Test Condition 


Min 


Max 


Unit 


ClN 


Input Capacitance 


Vi = 0V 


- 


6 


pF 


CoUT 


Output Capacitance 


V o = 0V 


- 


8 



Note: This parameter is sampled and not 100% tested. 
Data Retention Characteristics ( Ta = ~ 70 °C) 



Symbol 


Parameter 




Test Conditions 


Min 


Typ 


Max 


Unit 


VcCR 


Data Retention Supply 
Voltage 


Vccri 


CSl>Vcc-0.2V, CS2>Vcc- 
0.2V or CS2<0.2V 


2.0 


— 


— 


V 


VCCR2 


CS2<0.2V 


2.0 


- 


- 


V 


ICCR 


Data Retention Current 


ICCR1 


Vcc = 3.0V, CSl>Vcc-0.2V 
CS2^Vcc-0.2V or CS2<0.2V 


- 


1 


50* 


M 


ICCR2 


Vcc = 3.0V, CS2<0.2V 


- 


1 


50* 


pA 


tCDR 


Chip Select to Data 
Retention Time 


tCDR 


See Retention Waveform 





— 


- 


ns 


tR 


Operation Recovery Time 


tR 


tRC** 


- 


- 


ns 



*Vil min= -0.3V, 3M max at T A = 0~40°C 
**t R c = Read Cycle Time 

•Low Vcc Data Retention Mode: (1) CS1 Controlled 




Data retention mode 



CS1s:Vcc-0.2V 




•Low Vcc Data Retention Mode: (2) CS2 Controlled 

-Data Retention Mode 



Vcc 
4.5V 

CS2 . 

VCCR2 

0.4V 



-« tCDR *■ 





'X 



CS2^0.2V 



J 



Note: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din buffer. If CS2 controls data 
retention mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data r eten- 
tion mode, CS2 must satisfy either CS2> V C c-0.2V or CS2^0.2V. The other input levels (Address, WE, 
OE, I/O) can be in the high impedance state. 
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Package Dimensions 
28 DIP 



Unit: inches (mm) 



1.447 (36.754) MIN 








1.467(37.262) MAX 

nnnnnnnnnnnnn 


n 




) 
o 


z 
c\T 

CO 

8 

d 


i 

CO 

o 
in 
in 
d 

> 


UUUUUUUUU 

0.05(1.27) MIN 




u u u 


u * 


0.065 (1 .65) MAX 








0.145 (3.683) MIN 



0.015 (0.380) I 
0.170 (4.318) MIN 




0.140 (3.556) MAX 



28 SOP 

RRRRRRRRRRRRRR 




yyyyyyyyyyyyyy 



^ : 



hu.ua (u 
0.05 (1 



0.03 (0.76) MIN 



27) MAX 



o o 



^. 



0.008 (0.20) MIN 



0.012 (0.30) MAX 





0.708 (18.01) MIN 




0.094 (2.39) MIN 


0.728 (18.49) MAX 


0.110 (2.79) MAX 


/ \ 


I ' 


t 




^0.014 (0.36) MIN J I 0.050 (1 .270 
* 0.020 (0.51) MAX I I* TYP 


-1 ■ 

1 o.oc 

0.01 


2 (0.05) MIN 
4 (0.36) MAX 
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GM76C256/L/LL 







32,768 


w 


ORDS x 8 BIT 




CMOS STATIC RAM 


Pin Configuration 




A14Q 


i 


W 


28 


I)Vcc 


A12Q 


2 




27 


UWE 


A7C 


3 




26 


IIA13 


A6 C 


4 




25 


I]A8 


A5 C 


5 




24 


UA9 


A4 C 


6 




23 


Hah 


A3 C 


7 




22 


Doe 


A2 C 


8 




21 


3A10 


Al C 


9 




20 


u £5 


AO Q 


10 




19 


D 1/07 


I/O C 


11 




18 


I] 1/06 


1/01 C 


12 




17 


Hi/05 


I/02 C 


13 




16 


I] 1/04 


Vss C 


14 




15 


I]l/03 




(Top View) 




Block Diagram 







Description 

The GM76C256/L/LL is a 262, 144 bit static ran- 
dom access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated 
from a single 5V supply. Advanced circuit tech- 
niques provide both high speed and low power 
features with an operating current of 70mA (max) 
at minimum cycle time of 85ns. 
When CS is a logical high, the device is placed in 
low power standby mode in which standby cur- 
rent is 2mA (max). 

The GM76C256/L/LL has two control inputs. Chip 
select (CS) allows for device selection and data 
retention control, and output enable (DE) provides 
fast memory access. 

Thus the GM76C256/L/LL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. The GM76C256/L/LL is offered in 28 pin 
DIP (600 mil) and SOP (330mil). 

Features 

• High Speed: Fast Access and Cycle Time 85/100 
Max. 

• Low Power Standby and Low Power Operation; 

Standby: 0.55mW Max. (Low Power Version) 
Standby: 0.17mW Max. (Low Low Power 

Version) 
Operation: 385mW Max. 

• Completely Static RAM: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

• Standard 28 DIP and SOP 

Pin Description 



-A6- 
A7- 



A9- 



-A8- 



A14- 



Address 
Buffer 



I/Oo- 



I/0 7 - 



21 
OE-| ■£ 

WE- 



Pin 


Function 


A0-A14 


Address Input 


WE 


Write Enable Input 


OE 


Output Enable Input 


CS 


Chip Select Input 


I/O0-I/O7 


Data Input/Output 


Vcc 


Power Supply +5V 


Vss 


Ground 



Row 
Decoder 



Memory Array 
512 Rows 
64x8 Columns 



Input 
Control 



-Vcc 

-Vss 



Sense/Switch 



Column Decoder 



Output 
Control 



Address Buffer 



AO Al A2 A3 A4 A10 



270 



GM76C256/L/LL 



Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-65-150 


°C 


Tsol 


Soldering Temperature and Time 


260, 10 (at lead) 


°c,s 


Vcc 


Supply Voltage 


-0.3-7.0 


V 


VlN 


Input Voltage 


-0.3*~7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5 -Vcc + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 



*:-3.0V at pulse width 50ns Max. 

Recommended Operating Conditions (Ta = ~ 70 °C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


ViH 


Input High Voltage 


2.2 


- 


6.0 


V 


VlL 


Input Low Voltage 


-0.3 


— 


0.8 


V 


Vdr 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



Truth Table 



cs 


WE 


oe 


Input/Outputs 


Mode 


H 


X 


X 


High-Z 


Deselect Power Down 


L 


H 


L 


Data Out 


Read 


L 


L 


X 


Data In 


Write 


L 


H 


H 


High-Z 


Deselect 



Note: X means don't care. 

DC Electrical Characteristics: (Vcc = 



:5V ±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


VOH 


Output High Voltage 


Ioh= - 1.0mA 


2.4 


- 


- 


V 


Vol 


Output Low Voltage 


IoL = 2.1mA 


- 


- 


0.4 


V 


Il(L) 


Input Leakage Current 


Vss<Vin<V C c 


-2 


- 


+ 2 


llA 


IO(L) 


Output Leakage Current 


CS = V m or WE = Vi L or 
OE = Vih, Vss<Vout<Vcc 


-2 


— 


+ 2 


fiA 


Iccsi 


Stand-by Power Supply Current 


cs=v m 


- 


- 


2 


mA 


ICCS2 


CS>V C c-0.2V 
GM76C256 
GM76C256L 
GM76C256LL 


- 


2* 


1 
100 
30 


mA 
fiA 


Ice 


Operating Supply Current 


CS = Vil, Vi/ O = 0mA 


- 


- 


45 


mA 


Icci 


Average Operating Power 
Supply Current 


Min. Cycle, duty =100% 
Ii/o = 0mA 


— 


— 


70 


mA 



*TYP Values are measured at 25°C, V C c = 5V 
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AC Operating Characteristics (Vcc = 5V±10%, Ta = 0~70°C! 
Read Cycle 



Symbol 


Parameter 


Conditions 


GM76C256L-85 


GM76C256L-10 


Unit 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


*1 


85 


- 


100 


- 


ns 


tAA 


Address Access Time 


- 


85 


- 


100 


ns 


tACS 


Chip Select Access Time 


- 


85 


- 


100 


ns 


tOE 


Output Enable to Output Valid 


- 


45 


- 


50 


ns 


tOH 


Output Hold from Address 
Change 


5 


— 


10 


— 


ns 


tCLZ 


Chip Selection to Output 
in Low-Z 


*2 


10 


— 


10 


— 


ns 


tOLZ 


Output Enable to Output 
in Low-Z 


5 


— 


5 


— 


ns 


tCHZ 


Chip Deselection to 
Output in High-Z 





30 





35 


ns 


tOHZ 


Output Disable to Output 
in High-Z 





30 





35 


ns 



WriteCycle 



Symbol 


Parameter 


Conditions 


GM76C256L-85 


GM76C256L-10 


Unit 


Min 


Max 


Min 


Max 


twc 


Write Cycle Time 


•1 


85 


- 


100 


— 


ns 


tew 


Chip Selection to End of Write 


75 


- 


80 


— 


ns 


tAW 


Address Valid to End of Write 


75 


- 


80 


— 


ns 


tAS 


Address Setup Time 





- 





- 


ns 


twp 


Write Pulse Width 


60 


- 


60 


- 


ns 


twR 


Write Recovery Time 


5 


- 


5 


— 


ns 


tDW 


Data to Write Time Overlap 


40 


- 


40 


- 


ns 


tDH 


Data Hold from Write Time 





- 





— 


ns 


twHZ 


Write to Output in High-Z 


*2 





30 





35 


ns 


tow 


Output Active from End of 
Write 


5 


— 


5 


— 


ns 
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"1 Test Conditions 

1. Input pulse level: 0.6V to 2.4V 

2. tr = tf = 5ns 

3. Input and output timing reference levels: 1.5V 

4. Output load C L =100pF 



+ 5V 



1.8k0 



I/O a 




*2 Test Conditions 

1. Input pulse level: 0.6V to 2.4V 

2. tr = tf = 5ns 

3. Input timing reference levels: 1.5V 

4. Output timing reference levels: 

±200mV (the level displaced from stable output 
voltage level) 

5. Output load C L = 5pF 

+ 5V 



I/O a- 



I 



C L 



• 1 .8kfl 



99012 



C|_=100pF (Includes Jig Capacitance) 



Q_ = 5pF (Includes Jig Capacitance) 
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TIMING WAVEFORMS 

Read Cycle 1 (Notes 1 , 3) 



V| H 



ADDRESS 



VlL 



-tRC- 



Jaa_ 



-tOH- 



Dout. 



PREVIOUS VALID DATA 




X 



VALID DATA 



Read Cycle 2 (Notes 2, 3) 



V| H 



ADDRESS 



VlL 



cs 



OE 



Dqut 



)( 



-tACS - 



\ 



-tOE- 



-tOLZ- 



-tCLZ ~ 



-tRC- 



HIGH-Z 



«: 



)( 



/ 



X 



-tQHZ- 



VALID DATA 



tCHZ 

J 



HIGH-Z 



Notes: 

1. Device is continuously selected. OE, CS = Vil 

2. Address valid prior to or coincident with CS transition low. 

3. WE is high for read cycle. 
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Write Cycle 1 (WE Controlled) (Note 1, 2) 



V| H 

ADDRESS 

V|L 



cs 



DC 



MM 



-tAS- 



WE 



Din 



Dout 



-twc- 



)( 



-tcw- 



-tAW- 



*S £ 



-twp- 




-tDW- 



tWR 




^DH*- 



VALID DATA 



X 



-tow- 



-High-Z- 
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Write Cycle 2 (CS Controlled) (Note 1, 2, 3) 



V| H 

ADDRESS 

V|L 



CS 



X 



-twc- 



)( 



-tAS~ 



\ 



WE 




-tew- 



/ 



-tAW- 



-twp- 



D| N 



-tow- 



♦-.twR-*. 




tDH 



)( 



VALID DATA 



X 



Dout 



-HIGH-Z- 



Notes: 

1. The internal write time of the memory is defined by the overlap of CS low and WE low. Both signals must 
be low to initiate a write and either signal can terminate a write by going high. The data input setup and 
hold timing should be referenced to the rising edge of the signal that terminates the write. 

2. Data I/O is high impedance if (5E = Vih 

3. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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Capacitance 



Symbol 


Parameter 


Test Condition 


Min 


Max 


Unit 


CiN 


Input Capacitance 


T A = 25°C, f=lMHz 
V CC = 5.0V 


— 


6 


pF 


CoUT 


Output Capacitance 


— 


8 



Note: Tested on a sample basis 
Data Retention Characteristics: (Ta = 0~70°C) 



Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


VcCR 


Date Retention Supply Voltage 


CS>Vccr-0.2V 


2.0 


- 


5.5 


V 


ICCR 


Data Retention Current 


Vcc = 3.0V, 
C5>2.8V 


- 


- 


50 


HA 


tCDR 


Chip Select Data Hold Time 


Refer to the figure 
below 





- 


- 


ns 


tR 


Operation Recovery Time 


tRC* 


- 


- 


ns 



Note*: R ea d Cycle Time 



Data Retention Timing 



v C c ■ 



cs 



T/ 



W 



■+— tCDR- 



\. 



Data Retention Mode 



V CC R>2.0V 



CS>V CC R-0.2V 



-f~ 4.5V 

J 



J> 



% 



Note: When retaining data in standby mode, supply voltage can be lowered within a certain range. Read or 
write cycle cannot be performed while the supply voltage is low. 
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Package Dimensions 
28 DIP 

1.447(36.754) MIN 



Unit: inches (mm) 



1.467(37.262) MAX 

nnnnnnnnnnnnnn 




u u u u u u u lTTJ 



0.05(1.27)MIN 



0.065(1.65) MAX 



TJTJUTJ 




0.015 (0.380) MAX 



0.145 (3.683) MIN 



0.170 (4.318) MIN 




0.140 (3.556) MAX 



28 SOP 



0°~8°- 




irmTffWfiTF 





h 


0.030 (0.76)MIN 




0.050 (1 .27)MAX 




' 


\ 




z 


X 

< 




5 


5 




? 


o 

c\i 




c\f 


o 




to 


o 




<<*■ 


m 




O 


o 








^ 


^ \ 


1 



0.004 (0.10)MIN 
"o.012(0.30)MAX 





0.710 (18.03) MIN 




0.094 (2.39)MIN 


0.762 (19.35) MAX 


0.119 (3.02)MAX 


/ \ 


i 


i 


TO 


^0.012 (0.30) MIN I I 0.050(1.270 


0.00 


(0.00) MIN 




* 0.020 (0.51) MAX *' ' TYP 


0.01 


4 (0.36)MAX 
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GM76C256AL/ALL 

32,768 WORDS x 8 BIT 
CMOS STATIC RAM 



Description 

The GM76C256AL/ALL is a 262,144 bit static ran- 
dom access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated 
from a single 5V supply. Advanced circuit tech- 
niques provide both high speed and low power 
features with an operating current of 50mA (max) 
at minimum cycle time of 70ns. 
When CS is a logical high, the device is placed in 
low power standby mode in which standby cur- 
rent is 1mA (max). 

The GM76C256AL/ALL has two control inputs. 
Chip select (CS) allows for device selection and 
data retention control, and output enable (OE) pro- 
vides fast memory access. 
Thus the GM76C256 AL/ALL is suitable for use 
in various microprocessor application systems 
where high speed, low power, and battery back 
up are required. The GM76C256AL/ALL is offer- 
ed in 28 pin DIP (600 mil) and SOP (330mil). 

Features 

• High Speed: Fast Access and Cycle Time 
70/85/100ns Max. 

• Low Power Standby and Low Power Operation; 
Stand by: 0.55mW Max. (Low Power Version) 
Standby: 0.17mW Max. (Low Low Power 
Version) 

Operation: 275mW Max. 

• Completely Static RAM: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

• Standard 28 DIP and SOP 

Pin Description 



Pin 


Function 


A0-A14 


Address Inputs 


WE 


Write Enable Input 


OE 


Output Enable Input 


CS 


Chip Select Input 


I/O0-I/O7 


Data Input/Output 


Vcc 


Power Supply + 5V 


Vss 


Ground 



Pin Configuration 



A14Q 




<J 28 


I] Vcc 


A12 \2 


2 


27 


I] WE 


A7C 


3 


26 


HA13 


A6 C 


4 


25 


I]A8 


A5 C 


5 


24 


HA9 


A4 C 


6 


23 


UAH 


A3 C 


7 


22 


IJOE 


A2 C 


8 


21 


3 MO 


Al C 


9 


20 


Ucs 


A0 E 


10 


19 


3 V07 


i/o c 


11 


18 


Dl/06 


i/oi C 


12 


17 


I]l/05 


1/02 C 


13 


16 


3 1/04 


Vss C 


14 


15 


DI/03 



(Top View) 



Block Diagram 



A13- 



Address 
Buffer 



I/Oo- 
I/O7- 



cs 

OE ■ 

We- 



Row 
Decoder 



Memory Array 
512 Rows 
64x8 Columns 



Input 
Control 



-Vcc 
-Vss 



Sense/Switch 



Column Decoder 



Output 
Control 



Address Buffer 



AO A1A2A3A4 A10 
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Absolute Maximum Ratings* 



Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-65-150 


°c 


Tsol 


Soldering Temperature and Time 


260, 10 (at lead) 


°c, s 


Vcc 


Supply Voltage 


-0.3-7.0 


V 


VlN 


Input Voltage 


-0.3* -7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vcc + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 



*:-3.0V at pulse width 50ns Max. 

Recommended Operating Conditions (Ta = 



70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


ViH 


Input High Voltage 


2.2 


- 


6.0 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdr 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 



Truth Table 



cs 


WE 


OE 


Input/Output 


Mode 


H 


X 


X 


HighZ 


Deselect Power Down 


L 


H 


L 


Data Out 


Read 


L 


L 


X 


Data In 


Write 


L 


H 


H 


High Z 


Deselect 



Note: X means don't care 

DC Electrical Characteristics: (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


V H 


Output High Voltage 


Ioh= -1.0mA 


2.2 


- 


- 


V 


Vol 


Output Low Voltage 


I l= 2.1mA 


- 


- 


0.4 


V 


%) 


Input Leakage Current 


Vss<Vin<V C c 


-1 


- 


1 


^A 


IO(L) 


Output Leakage Current 


CS = Vi H or WE = Vi L or 
OE = Vih, Vss<Vout<Vcc 


-1 


— 


1 


/iA 


Iccsi 


Stand-by Power Supply 
Current 


CS = Vm 


- 


- 


1 


mA 


ICCS2 


CS> Vcc -0.2V 

GM76C256AL 

GM76C256ALL 


- 


2* 
1* 


100 
20 




Ice 


Operating Supply Current 


CS = Vi L , Vi/o = 0mA 


- 


7 


15 


mA 


Icci 


Average Operating 
Power Supply Current 


Min. Cycle, duty =100% 
Ii/o = 0mA 


— 


— 


50 


mA 



*TYP. Values are measured at 25°C, V C c = 5V 
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AC Operating Characteristics (Vcc = 5V±10%, Ta = ~ 70°C) 
Read Cycle 



Symbol 


Parameter 


Conditions 


GM76C256AL-70 


GM76C256AL-85 


GM76C256AL-10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


*1 


70 


- 


85 


- 


100 


- 


ns 


tAA 


Address Access Time 


- 


70 


- 


85 


- 


100 


ns 


tACS 


Chip Select Access Time 


- 


70 


- 


85 


- 


100 


ns 


tOE 


Output Enable to Output Valid 


- 


35 


- 


45 


- 


50 


ns 


tOH 


Output Hold from Address 
Change 


5 


— 


5 


— 


10 


— 


ns 


tCLZ 


Chip Selection to Output in 
Low-Z 


*2 


10 


— 


10 


— 


10 


— 


ns 


tOLZ 


Output Enable to Output in 
Low-Z 


5 


— 


5 


— 


5 


— 


ns 


tCHZ 


Chip Deselection to Output in 
High-Z 





30 





30 





35 


ns 


tOHZ 


Output Disable to Output in 
High-Z 





30 





30 





35 


ns 



Write Cycle 



Symbol 


Parameter 


Conditions 


GM76C256AL-70 


GM76C256AL-85 


GM76C256AL-10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


twc 


Write Cycle Time 


*l 


70 


- 


85 


- 


100 


- 


ns 


tew 


Chip Selection to End of Write 


60 


- 


75 


- 


80 


- 


ns 


tAW 


Address Valid to End of Write 


60 


- 


75 


- 


80 


- 


ns 


tAS 


Address Setup Time 





- 





- 





- 


ns 


twp 


Write Pulse Width 


50 


- 


60 


- 


60 


- 


ns 


tWR 


Write Recovery Time 





- 


5 


- 


5 


- 


ns 


tDW 


Data to Write Time Overlap 


30 


- 


40 


- 


40 


— 


ns 


tDH 


Data Hold from Write Time 





- 





- 





- 


ns 


twHZ 


Write to Output in High-Z 


*2 





25 





30 





35 


ns 


tow 


Output Active from End of 
Write 


5 


- 


5 


- 


5 


- 


ns 
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"1 Test Conditions 

1. Input pulse level: 0.6V to 2.4V 

2. tr = tf=5ns 

3. Input and output timing reference levels: 1.5V 

4. Output load C L =100pF 



*2 Test Conditions 

1. Input pulse level: 0.6V to 2.4V 

2. tr = tf = 5ns 

3. Input timing reference level: 0.8V to 2.2V. 

4. Output timing reference levels: 
±200mV (the level displace from stable 
output voltage level) 

5. Output load CL = 5pF 



l/OO 



+ 5V 



1.8kG 




l/Oo- 



T 
I 



+ 5V 



■1.8kfi 



C L ^ 99012 



Cl= 100pF (Includes Jig Capacitance) 



Q_ = 5pF (Includes Jig Capacitance) 
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TIMING WAVEFORMS 

Read Cycle 1 (Notes 1 , 3) 



ADDRESS 



Dout. 







^ 




tRC 




*. 




V|H 


"^ 


L 








\ 


L 


V|L — 


/ 


\ 








7 


\ 






tAA 














■+ tQH 


► 












^ 


ir/AAAA 


A/\i 


f '- ■ 




PREVIOUS VALID DATA 




*m 


y& 


VALID DATA 



Read Cycle 2 (Notes 2, 3) 



V| H 



ADDRESS 



V|L 



cs 



OE 



Dout 



)( 



>>_ 



-tACS - 



V 



-tOE- 



-tOLZ- 



-tCLZ " 



HIGH-Z 



-tRC- 



X 



/ 



-C 



-tQHZ- 



VALID DATA 



tcHZ 

J 



HIGH-Z 



Notes: 

1. Device is continuously selected. OE, CS = Vil 

2. Address valid prior to or coincident with C§ transition low. 

3. WE is high for read cycle. 
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Write Cycle 1 (WE Controlled) (Note 1, 2) 



V| H 

ADDRESS 

V|L 



cs 



D( 



WE 



Din 



Dout 



-twc- 



)( 



-tew- 



M 



-tAW- 



-tAS- 



m £ 



-tWP- 



-tow- 



X 



tWR 



1-tDH-*- 



VALID DATA 



twHZ 



)( 



-tow- 



-High-Z- 



2 
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Write Cycle 2 (CS Controlled) (Note 1 , 2, 3) 



V| H 

ADDRESS 

V|L 



CS 



X 



-twc- 



)( 



-tAS~ 



\ 



WE 



a 



^. 



-tew- 



/ 



-tAW- 



_twp- 



^ 



Din 



-tDW- 



_twR-»- 



m 



tDH 



)( 



VALID DATA 



X 



Dout 



-HIGH-Z- 



Notes: 

1. The internal write time of the memory is defined by the overlap of CS low and WE low. Both signals must 
be low to initiate a write and either signal can terminate a write by going high. The data input setup and 
hold timing should be referenced to the rising edge of the signal that terminates the write. 

2. Data I/O is high impedance if OE = Vih 

3. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
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Capacitance 



Symbol 


Parameter 


Test Condition 


Min 


Max 


Unit 


Qn 


Input Capacitance 


T A = 25°C, f=lMHz 
V C c = 5.0V 


- 


6 


pF 


COUT 


Output Capacitance 


- 


8 



Note: Tested on a sample basis 

Data Retention Characteristics: (Ta = 0°~7CC) 



Symbol 


Parameter 


Test Conditions 


Min 


Typ 


Max 


Unit 


VcCR 


Data Retention Supply Voltage 


CS>Vcc-0.2V 


2.0 


- 


5.5 


V 


ICCR 


Data Retention Current 


V C c = 3.0V 
CS>2.8V 


AL 


- 


l * * 


50 


jLlA 


ALL 


- 


0.5** 


10 


tCDR 


Chip Select Data Hold Time 


Refer to the figure 
below 





- 


- 


ns 


tR 


Operation Recovery Time 






tRC* 


- 


~ 


ns 



Note* : Read Cycle Time 

Note**: Typ, Values are measured at 25 °C. 

Data Retention Timing 



v C c 



-*- 



cs 



wr 



*+— tCDR — 



Data Retention Mode 



V CC R^2.0V 



CS^Vccr-0.2V 



r 



j 



"^ 



Note: When retaining data in standby mode, supply voltage can be lowered within a certain range. Read or 
write cycle cannot be performed while the supply voltage is low. 
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Package Dimensions 
28 DIP 

1 .447 (36.754) MIN 



Unit: inches (mm) 



1 .467 (37.262) MAX 

nnnnnnnnnnnnnn 




uuuuuuuuu 



u u u u u 



0.05 (1.27)MIN 



0.065(1.65) MAX 







__A- 


r* 


~^ 


Q. 


' t 






S 








CM 








m 








O 


/ 






O 


/ 






CO 


/ 


^ 


t; 


d 


. / 






— -^a : 


=4- 



0.008 (0.200) MIN 



0.145 (3.683) MIN 



0.015 (0.380) 
0.170 (4.318) MIN 



/ 



MAX 




0.140 (3.556) MAX 



28 SOP 

J RHHHHHHHHHHHH , 



0-8° 



0.030 (0.76)MIN 



0.050 (1 .27)MAX 



^ : 




y y y y y y y y y u y y y u 



v 



0.004 (OIQ)MIN 
*0.012(0.30)MAX 



0.710 (18.03) MIN 



0.094 (2.39)MIN 



0.762 (19.35) MAX 



-I 



U 



m 0.012 (0.30) MIN 



0.020 (0.51) MAX 



0.050(1.270 ) 

* TYP 



0.119 (3.02)MAX 



0.00 (0.00) MIN 



0.014 (0.36) MAX 
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GM76C8128/L/LL 

131,072 WORDS x 8 BIT 
CMOS STATIC RAM 



Description 

The GM76C8128/L/LL is a 1,048,576 bits static 
random access memory organized as 131,072 
words by 8 bits. Using a 0.8um advanced CMOS 
technology, it provides high speed operation with 
minimum cycle time of 70/85/ 100ns. The device 
is placed in a low power standby mode with CS1 
high or CS2 low and the output enable (OE) al- 
lows fast memory access. Thus it is suitable for 
high speed and low power applications, especial- 
ly where battery back-up is required. 
The GM76C8128/L/LL is offered in a 32-pin 
DIP (600mil) and SOP (525 mil) 

Features 

• High Speed: Fast Access and Cycle Time 
70/85/100ns Max. 

• Low Power Standby and Low Power 
Operation. 

Standby: 5.5mW Max. 

Standby: 0.55mW Max. (Low Power Version) 

Standby: 0.275mW Max (Low Low Power 

Version) 

• Operation: 385mW (Max) 

• Completely Static RAM: No Clock or Timing 
Strobe Required 

• Equal Access and Cycle Time 

• Capability of Battery Back up Operation 

• Single +5V Operation (±10%) 

• Standard 32 DIP and SOP 

Pin Description 



Pin Configuration 



Pin 


Function 


A0-A16 


Address Inputs 


WE 


Write Enable Input 


CSl, CS2 


Chip Select Input 


OE 


Output Enable Input 


I/O0-I/O7 


Data Inputs/Outputs 


Vcc 


Power Supply ( + 5V) 


Vss 


Ground 


NC 


No Connection 



NC C 1 — 32 


3 v C c 




A16 C 2 31 


D A15 


A14 C 3 30 


3 CS2 


A12 C 


4 29 


3 WE 


A7C 


5 28 


3 A13 


A6 C 


6 27 


3 A8 


A5EI 


7 26 


P A9 


A4 C 


8 25 


3 A11 


A3 C 


9 24 


3 OE 


A2C 


10 23 


3 A10 


A1 C 


11 22 


3 CSi 


A0 C 


12 21 


3 I/07 


I/O0C 


13 20 


3 I/06 


1/01 c 


14 19 


3 I/05 


I/02 C 


15 18 


3 I/04 


V S s C 16 17 3 I/03 




(Top View) 






Block Diagram 


A0 












A1 












A2 




9 




512 


Memory Cell Array 






V^ 


Decorder 


-/-+ 


512x256x8 
(128Kx8), 




Address 












Buffer 


















<> 






y ' 256 x 8 


A14 












' 


A15 

Aie 


T**- 


X 

Decorder 


-y-» 


Column Gate 




CS1,( 


:S2 






csT *- 


Chip 


/ 


,8 


CS2 ** 


Control 
















l 


OE ► 


OE, WE 








Chip 
Control 




I/O Buffer 


WE »■ 










llttlltt 














O r- CVJ CO 

OOOO 


O QQQ 
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Absolute Maximum Ratings 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Temperature under Bias 


0-70 


°C 


TsTG 


Storage Temperature 


-55-150 


°C 


Tsol 


Soldering Temperature and Time 


260, 10 (at lead) 


°c, s 


Vcc 


Supply Voltage 


-0.3-7.0 


V 


ViN 


Input Voltage 


-0.3*~7.0 


V 


Vi/o 


Input and Output Voltage 


-0.5~Vcc + 0.5 


V 


Pd 


Power Dissipation 


1.0 


w 



:-3.0V at pulse width 50ns Max. 



Recommended Operating Conditions (Ta = 0~70°C) 



Truth Table 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


ViH 


Input High Voltage 


2.2 


- 


Vcc + 0.3 


V 


ViL 


Input Low Voltage 


-0.3 


- 


0.8 


V 


Vdr 


Data Retention Supply Voltage 


.2.0 


- 


5.5 


V 



csi 


CS2 


OE 


WE 


Al to A16 


DATA I/O 


Mode 


L 


H 


L 


H 


stable 


Output Data 


Read 


L 


H 


X 


L 


stable 


Input Data 


Write 


L 


H 


H 


H 


stable 


Hi-Z 


Output Disable 


H 


X 


X 


X 


- 


Hi-Z 


Standby 


X 


L 


X 


X 


- 


Hi-Z 



Note: X means don't care 
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DC Electrical Characteristics (Vcc = 5V±10%, Ta = 0~70°C) 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Unit 


Il(L) 


Input Leakage Current 


Vi N = 0to V C c 


-1 


- 


+ 1 


M A 


IO(L) 


Output Leakage Current 


CS1 = Vih or CS2 = Vil 
OE = Vm, Vss<Vout<Vcc 


-1 


— 


+ 1 


M 


lOH 


High Level Output Current 


V OH = 2.4V 


-1.0 


- 


- 


mA 


lOL 


Low Level Output Current 


Vol = 0.4V 


- 


- 


2.1 


mA 


Ice 


Operating Supply Current 


CSl=Vi L or CS2 = Vih 
Vin = Vih/Vil ( IouT = 0mA 


— 




35 


mA 


Icci 


Average Operating Current 


CSl=Vi L and CS2 = Vih 
Vin = Vih/Vil 
Iout = 0mA 
t C ycie = Min. cycle 


- 




70 


mA 


ICC2 


CSl=0.2V, CS2 = V C c-0.2V 
Vin = V C c-0.2V/0.2V 
Iout = 0mA 

tcycle = 1/*S 


- 


- 


30 


mA 


Iccsi 


Standby Current 


CS1=Vih or CS2 = Vil 


- 


- 


3 


mA 


ICCS2 


CSl = V C c-2V ( CS2 = 0.2V 
V C c = 2.0V - 5.5V 
GM76C8128 
GM76C8128L 
GM76C8128LL 


- 


2* 
2* 


1 
100 
50 


mA 



*TYP. Values are measured at 25°C, Vcc = 5V 
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AC Operating Characteristics (Vcc = 5V±10%, Ta = 0~70°C) 
Read Cycle 



AC TEST CONDITIONS 

— Output load: lOOpF+lTTL Gate 

— Input pulse level: 0.6V to 2.4V 

— Input and output timing reference levels 0.8V, 2.2V 

— tr = tf = 5ns 



Symbol 


Parameter 


GM76C8128/L-70 


GM76C8128/L-85 


GM76C8128/L 10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


70 


- 


85 


- 


100 


- 


ns 


tAA 


Address Access Time 


- 


70 


- « 


/, 85 


- 


100 


ns 


tACSl 


Chip Select 1 Access Time 


- 


70 


- 


85 


- 


100 


ns 


tACS2 


Chip Select 2 Access Time 


- 


70 


- 


85 


- 


100 


ns 


tOE 


Output Enable Access Time 


- 


35 


- 


45 


- 


50 


ns 


tCHZl 


Chip Select 1 Output Setup Time 


5 


- 


10 


- 


10 


- 


ns 


tCHZl 


Chip Select 1 Output Floating 


- 


25 


- 


30 


- 


35 


ns 


tCLZ2 


Chip Select 2 Output Setup Time 


5 


- 


10 


- 


10 


- 


ns 


tCHZ2 


Chip Select 2 Output Floating 


- 


25 


- 


30 


- 


35 


ns 


tOLZ 


Output Enable Output Setup Time 





- 





- 





- 


ns 


tOHZ 


Output Enable Output Floating Time 


- 


25 


- 


30 


- 


35 


ns 


tOH 


Output Hold Time 


10 


- 


10 


- 


10 


- 


ns 


Write Cycl 


e 
















Symbol 


Parameter 


GM76C8128/L-70 


GM76C8128/L-85 


GM76C8128/L-10 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


twc 


Write Cycle Time 


70 


- 


85 


- 


100 


- 


ns 


tcwi 


Chip Select Time 1 


65 


- 


75 


- 


80 


- 


ns 


tcW2 


Chip Select Time 2 


65 


- 


75 


- 


80 


- 


ns 


tAW 


Address Enable Time 


60 


- 


70 


- 


80 


- 


ns 


tAS 


Address Setup Time 





- 





- 





- 


ns 


twp 


Write Pulse Width 


50 


- 


60 


- 


60 


- 


ns 


tWR 


Address Hold Time 





- 





- 





- 


ns 


tDW 


Input Data Setup Time 


30 


- 


35 


- 


40 


- 


ns 


tDH 


Input Data Hold Time 





- 





- 





- 


ns 


tWHZ 


R/W Output Floating 


- 


25 


- 


30 


- 


35 


ns 


tow 


R/W Output Setup Time 





- 





- 





- 


ns 
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TIMING WAVEFORMS 



Read Cycle (Note 1) 



ADDRESS 



CS1 



CS2 



OE 



DOUT 





tRC 

■*• ► 








~~ 


( X 




tAA 










tACS1 


/ 








\ 




x\\\\\\\W 


<////////////////, 




tci_Z1 






-* — 






V\CS2 

~^ 


► 


tCHZ1 




W//////// 


tCLZ2 


► 




wwwwwww 






tCHZ2 








tOE 






« t0LZ • 




"* 






n\\\\\\\\\W 


f////////l 




High-Z 


» 






tOHZ 
toH 








00 












( 


MI-IU 


UMIft 

/ 
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Write Cycle(l) (WE Controlled ) (Notes 2,3,4) 





-* 


twc 







ADDRESS \ 


( X 




US 


Uw 


tWR 

-^ »■ 
















tWP 




\» "" } 








tcwi 




- \\\\\\\\\\\\\M 


V 7 


Hi 






tCW2 










- W//////////M 

tWHZ 






\ 


tow 


1 








- y mmmm 




^^MWMM> 


9 




7666660066666^ 








tow 


tDH 














Din 








~ > 


( VAL 


ID DATA 


) 


L 
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Write Cycle (2)(CS1 Controlled ) (Note 4) 



ADDRESS 



twc 



X 



tAS 



WE 



CS1 



k 



^»s 



CS2 



f 



tCLZ 



tWP 



A 



tcwi 



/ 



tCW2 



tWHZ 



Dout 



Din 



tDW 



tWR 



X 



^ 



tDH 



X 



VALID DATA 



X 
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Write Cycle (3)(CS2 Controlled) (Note 4) 



ADDRESS 



twc 



X 



tos 



WE 



fc £ 



CS2 



ii 



W- 



CS1 



Si 



Dout 



tCLZ 



tWP 



tew 



X 



tew 



tWHZ 



Din 



tDW 



tWR 



X 



A 



tDH 



V VALID DATA V 



NOTES: 

1. WE is High for Read Cycle. 

2. Assuming that CSl Low transition or CS2 High transition occurs coincident with or after WE Low transi- 
tion. Outputs rema in in a high impedance state. 

3. Assuming that CSl High transition or CS2 Low transition occurs coincident with or prior to WE High transi- 
tion. Outputs remain in a high impedance state. 

4. Assuming that OE is high for write cycle. Outputs are in a high impedance state during this period. 
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Capacitance: (f = 1 MHz, Ta = 25 ° C) 


Symbol 


Parameter 


Test Conditions 


Min 


Max 


Unit 


CiN 


Input Capacitance 


Vi = 0V 


- 


8 


pF 


CoUT 


Input Capacitance 


V o = 0V 


- 


8 


pF 



Note: This parameter is sampled and not 100% tested. 
Data Retention Characteristics (Ta = 0~70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


VcCR 


Data Retention Supply Voltage 


2.0 


- 


5.5 


V 


ICCR 


Data Retention Current 


V CC = 3.0V 


L 


- 


1 


50* 


M 


LL 


_ 


1 


25 


tCDR 


Chip Select to Data Retention Time 





- 


- 


ns 


tR 


Operation Recovery Time 


5 


- 


- 


ns 



*20/xA max at T A = 0~40°... 



• Low Vcc Data Retention Mode: (1) CS1 Controlled 

Data retention mode 




CS1 £V C c-0.2V 




• Low Vcc Data Retention Mode: (2)CS2 Controlled 

Data Retention Mode 



Vcc 

4.5V 

CS2 

VCCR2 

0.4V 

0V 



tCDR 



CS2^0.2V 



1 



Note: In Data Retention Mode, CS2 controls the Address, WE, CS1, OE and Din buffer. If CS2 controls data 
retention mode, Vin for these inputs can be in the high impedance state. If CS1 controls the data r eten - 
tion mode, CS2 must satisfy either CS2>V C c-0.2V or CS2<0.2V. The other input levels (Address, WE, 
OE, I/O) can be in the high impedance state. 
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Package Dimensions 



Unit: inches (mm) 



32 DIP 



1. 645(41 .78)MIN 



1.655(42.04)MAX 

nnnnnnnnnnnnnnnn 




UUUUUUUUUUU 

0.045(1. 14)MIN 



0.055(1. 4)MAX 



uuuu 



3.81 (0.1 5)TYP 



0°~15° 















A 


7 


fCL ; * 


z 

CM 

in 

o 
o 

<D 
O 


0.625(15.88) MAX 

0.540(13.72) 

TYP 






0- 

o 

CM 

in 
d 


i 


" -.. 


*==«- " / 












-3 : 





0.008 (0.200) MIN 
0.015 (0.380) MAX 



UN/ 



0.165 (4191) MIN 




0.020(0.51)MAX 



32 SOP 



HHHHHHHHHHHHHRHB 




o 


of 
In 5? 
d d 


mmmmum 





0°-8° 



- 0.02(0.53) MIN 
| 0.04(1 .04) MAX 



T" 





0.820(20.83) MIN J 




0.089(2.18) MIN 


0.830(21 .08) MAX 




0.090(2.29) MAX 


/ \ 


, 


, 


mT 


L 0.014(0.35) MIN J I 0.050 (1.27) 
I* 0.020(0.51) MAX I r TYP 


J - 




trir 


to.c 
o.c 


104(0.102) MIN 
10(0.254) MAX 



II 0.004(0.10) MIN 
"*""* 0.010(0.254) MAX 
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DRAM DATA SHEET 



^»i^^«^ 



DRAM MODULE DATA SHEET 






VIDEO RAM DATA SHEET 







SRAM DATA SHEET 



MASK ROM DATA SHEET 



DISTRIBUTORS 
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GM231000 

131,072 WORDS x 8 BIT 
NMOS MASK ROM 



Description 

The GM231000 high-performance Read Only 
Memory is organized as 131,072 words by eight 
bits an access time of 200/250 ns. It is desgined 
to be compatible with all microprocessors and 
similar applications where high performance 
large-bit storage and simple interfacing are impor- 
tant considerations. 

The GM231000 offers automatic power down con- 
trolled by the Chip Enable (CE) input. When CE 
goes HIGH, the device will automatically power 
down and remain in a low power standby mode 
as long as CE remains HIGH. This feature pro- 
vides system level power savings of as much as 
80%. Pin 20 can also be Mask Programmed as a 
CS or CS allowing two GM231024 ROM's to be 
wired-OR without external decoding. 
This ROM is packaged in industry-standard 28 pin 
dual-in-line package and is available in ceramic 
or low-cost plastic. 

Features 

• 131,072x8 organization 

• Single + 5V Supply 

• Access time 200/250 ns (Max) 

• Totally static operation 

• Completely TTL compatible 

• Operating current 100 mA (Max) 

• Standby current 20 mA (Max) 

• Automatic power down (CE) 
Programmable Chip Select 

3 -state outputs for wired-OR expansion 

• 28-pin industry-standard DIP (600 mil) 

• EPROMs accepted as program data input 

Pin Description 



Pin Configuration 

28 DIP (Top View) 



A15 Q 


1 V ^ 28 


HVcc 


A12 Q 


2 


27 


HA14 


A7 C 


3 


26 


3A13 


A6 C 


4 


25 


Z\ A8 


A5 \Z 


5 


24 


UA9 


A4 C 


6 


23 


I1A11 


Ao \Z 


7 


22 


I]A16 


A2 C 


8 


21 


UA10 


A1 C 


9 


20 


3 CE/CS/CS* 


Ao C 


10 


19 


3 07 


O0 Q 


11 


18 


306 


oi c 


12 


17 


H05 


02 C13 


16 


I]04 


Vss £ 


14 


15 


U03 



*CHIP SELECT(CS) IS PROGRAMMABLE ACTIVE 
LOW OR ACTIVE HIGH. 



Block Diagram 



A0-A16 

ADDRESS 

INPUTS 



Pin 


Function 


A0-A16 


Address Inputs 


O0-O7 


Data Outputs 


CE 


Chip Enable Input 


cs/cs 


Chip Select Input 


Vcc 


Power Supply 


V ss 


Ground 



ROW 
DECODER J 
DRIVER | • 
1 OF 1024) * 



T 



1,048,576 
ROM ARRAY 

(131,072x8) 



§8sg 

8S Q 3 



X 



COLUMN SELECT 
CIRCUITRY 



CE/CS/CS 



-\ 



CHIP 

SELECT | 

CIRCUITRY 

I I 



HH 



I 



tor - * 



o 3 
-o 7 



L 



J 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Operating Temperature 


0-70 


°C 


TsTG 


Storage Temperature 


-65-125 


°C 


Vcc 


Supply Voltage Ground Potential 


-0.5-7.0 


V 


VoUT 


Applied Output Voltage 


-0.5-7.0 


V 


Vin 


Applied Input Voltage 


-0.5-7.0' 


V 


Pd 


Power Dissipation 


1.0 


w 



*Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



DC Electrical Characteristics: (Vcc = 5V±10% 


Vss = 0V, T A = 0~ 


70°C) 






Symbol 


Parameter 


Conditions 


Min 


Max 


Unit 


V H 


Output High Voltage 


Ioh= -1.0mA 


2.4 




V 


Vol 


Output Low Voltage 


Iol = 3.2mA 




0.4 


V 


Vih 


Input High Voltage 




2.0 




V 


Vil 


Input Low Voltage 




-0.5 


0.8 


V 


In 


Input Leakage Current 


Vi N = 0V to Vcc 




10 


M 


Ilo 


Output Leakage Current 


VouT = 0Vto Vcc 




10 


/xA 


Ice 


Operating Supply Current 


Note 1 




100 


mA 


ISB 


Standby Supply Current 


CE = Vih 




20 


mA 


Ios 


Output Short Circuit Current 


Note 2 




90 


mA 



AC Operating Characteristics (Vcc = 5V±10%, Ta = 


--0-70 1 


D C, GND = 0V 






Symbol 


Parameter 


GM23 1000-20 


GM23 1000-25 


Unit 


Note 


Min 


Max 


Min 


Max 


tRC 


Cycle Time 


200 




250 




ns 




tAA 


Address Access Time 




200 




250 


ns 




tOH 


Output Hold After Address Change 


10 




10 




ns 




tACE 


Clip Enable Access Time 




200 




250 


ns 




tACS 


Chip Select Access Time 




85 




100 


ns 




tLZ 


Output LOW-Z Delay 


10 




10 




ns 


3 


tHZ 


Output HIGH-Z Delay 




85 




100 


ns 


4 



Capacitance (T A = 25°C, f=1.0 MHz, Note 5) 



Symbol 



Ci 



Co 



Parameter 



Input Capacitance 



Output Capacitance 



Conditions 



Vin = 0V 



Vqut=0V 



Min 



Max 



Unit 



pF 



pF 
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Notes: 

1. Measured with device selected and outputs unloaded. 

2. For a duration not to exceed 30 seconds. 

3. Output LOW impedance delay (tLz) is measured from CE or CS going active. 

4. Output HIGH impedance delay ( tHz ) is measured from CE or CS going inactive. 

5. This parameter is periodically sampled and is not 100% tested. 



TIMING WAVEFORMS 

Propagation Delay From Address (CE/CS/CS Active) 



ADDRESS 
INPUT 



DATA 
OUT 



-tRC- 



)£ 



VALID ADDRESS 



-tAA- 




)£ 



-tQH- 



VALID DATA 




Propagation Delay From Chip Enable, Chip Select or Output Enable (Address Valid) 



CE 



"\ 



"^ 



cs/cs 



DATA 
OUT 



ice • 

VcC CURRENT 

| ss 



-tACE- 



-tACS- 



)( 



VALID 



-tLZ- 



-tLZ- 




/ 



-tpu- 



7 



-tHZ- 



I 



-tHZ- 



VALID DATA 



> 



-tpo- 




FIGURE 1 



AC Test Conditions 




Input Pulse Levels 
Input Rise and Fall Times 
Input Timing Level 
Output Timing Level 
Output Load 



0.8 to 2.2V 

10ns 

1.5V 

0.8 and 2.0V 

See Figure 1 



Dout- 



775(2 



100 pF 
JL (INCLUDING SCOPE 
AND JIG) 
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Package Dimensions 



28 DIP 



1.447 (36.754) MIN 








1.467 (37.262) MAX 

nnnnnnnnnnnnnn 


) 




CM 
CO 

o 

CO 

d 


CO 

o 
m 
m 
o 


uuuuuuuuu 

0.05(1.27) MIN 




U U U,LJ 




0.065(1.65) MAX 





Unit: inches (mm) 



3°~ 11° 




0.015(0.380) MAX 



0.145 (3.683) MIN 



0.155 (3.937; MAX 



mmwmw 



0.015 (0.381)MIN 0.100 (2.54) TYP 



0.021 (0.533) MAX 



0.170 (4.318) MIN 



0.180 (4.572) MAX 



0.120 (3.048) MIN 



0.140 (3.556) MAX 



304 



iGSj 



GoldStar 

GOLDSTAR ELECTRON CO., LTD. 



GM23C1000 

131,072 WORDS x 8 BIT 
CMOS MASK ROM 



Description 

The GM23C1000 is a high performance read only 
memory organized as 131,072 words by 8 bits. 
It is designed to be compatible with all micro- 
processors and similar applications where high- 
performance large-bit storage and simple interfac- 
ing are important design considerations. The 
GM23C1000 offers automatic powerdown con- 
trolled by the Chip Enable CE/CE input. When 
CE/CE goes LOW/HIGH, the device will automat- 
ically power down and remain in a low power 
standby mode as long as CE/CE remains LOW/ 
HIGH. Pin 20 may a so be mask programmed as 
CS/CS (active HIGH or LOW, but not powerdown) 
in order to eliminate bus contention in multiple 
bus micro-processor systems. 

Features 

• 131,072 x 8-bit organization 

• Single + 5V Power Supply 

• Access times: 100/120 ns (Max.) 

• Current 

Operating: 40 mA (Max.) 
Standby: 30/xA (Max.) 

• 3-state outputs for wired-OR expansion 

• Mask programmed for Chip Enable 
(Powerdown) CE/CE or Chip Select CS/CS 

• Fully static operation 

• TTL-compatible inputs and outputs 

• 28-pin industry-standard DIP (600 mil) 

Pin Description 



Pin 


Function 


A0-A16 


Address Inputs 


O0-O7 


Data Outputs 


CE/CE 


Chip Enable Input 


CS/CS 


Chip Select Input 


Vcc 


Power Supply 


Vss 


Ground 



Pin Configuration 




28 DIP 


(Top View) 


A15 Q 




^ — 28 


Z Vcc 


A12 Q 


2 


27 


Zl A14 


A 7 C 


3 


26 


Zl A i3 


A 6 c 


4 


25 


Zl As 


As Z 


5 


24 


Zl A 9 


A4 C 


6 


23 


Zl An 


A3 LZ 




22 


Z1-A16. 


A2 LZ 


8 


21 


Z A10 


Ai LZ 


9 


20 


Z CE/CE/CS/CS 


A LZ 


10 


19 


Z o 7 


O CZ 


11 


18 


Z o 6 


Oi CZ 


12 


17 


Z o 5 


o 2 CZ 


13 


16 


Z o 4 


vsstZ 


14 


15 


Z o 3 



*Chip Select (CS) is Programmable Active 
Low or Active High. 



Block Diagram 




CS/CS/CE/CE 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Operating Temperature 


-10-80 


°C 


TsTG 


Storage Temperature 


-65-150 


°C 


Vcc 


Supply Voltage to Ground Potential 


-0.5-7.0 


V 


VoUT 


Output Voltage 


-0.5 -Vcc + 0.5 


V 


Vin 


Input Voltage 


-0.5 -Vcc + 0.5 


V 


Pd 


Power Dissipation 


300 


mW 




Soldering Temp. & Time 


250, 10 


°C, sec 



* Comments 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
These are stress ratings only and functional operation of this device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rat- 
ing conditions for extended periods may affect device reliability. 



DC Electrical Characteristics: (Ta = 0°C to +70°C, Vcc = 5.0V ± 10%, GND = 0V) 



Symbol 


Parameter 


Conditions 


Min. 


Max. 


Unit 


Note 


V OH 


Output High Voltage 


Ioh= -1.0mA 


2.4 




V 




Vol 


Output Low Voltage 


Iol = 3.2mA 




0.4 


V 




Vih 


Input High Voltage 




2.2 


Vcc + 0.3 


V 




Vil 


Input Low Voltage 




-0.5 


0.8 


V 




In 


Input Leakage Current 


Vi N = 0Vto Vcc 




10 


/jlA 




Ilo 


Output Leakage Current 


V O UT = 0Vto Vcc 




10 


[xA 


1 


Ice 


Operating Current 


1 cyc= 100ns 




40 


mA 


2 


ISB 


Standby Current 


CE = Vm, CE = Vi L 




1.5 


mA 




ISBI 


Standby Current 


CE = Vcc-0.2V, CE = 0.2V 




30 
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Capacitance: 



Symbol 


Parameter 


Conditions 


Min. 


Max. 


Unit 


Note 


Q 


Input Capacitance 


T A = 25°C 
f= 1.0 MHz 




10 


pF 


- 


Co 


Output Capacitance 




10 


pF 


3 
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AC Characteristics (Ta = 0°C~70°C, Vcc = 5V±10%, GND = OV) 


Symbol 


Parameter 


GM23C1000-10 


GM23C1000-12 


Unit 


Note 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


100 




120 




ns 




tAA 


Address Access Time 




100 




120 


ns 




tACE 


Chip Enable Access Time 




100 




120 


ns 




tACS 


Chip Select Access Time 




85 




100 


ns 




tOH 


Output Hold After Address Change 


10 




10 




ns 




tLZ 


Output Low-Z Delay 


10 




10 




ns 


4 


tHZ 


Output High-Z Delay 




50 




60 


ns 


5 


tpu 


Power-Up Time 












ns 




tpT 


Powerdown Time 




50 




60 


ns 





Notes: 

1. CS/CE = Vil, CS/CE = Vih (OutpuUs_unloaded). 

2. Vin = Vih/Vi L . But CS/CE = V m . CS/CE = Vi L (Output is unloaded). 

3. This parameter is periodically sampled and is not 100% tested. All pins_except pin under test tied to AC ground. 

4. Output Low impedance delay (tLz) is measured from CE/CE or CS/CS going active. 

5. Output High impedance delay (tHz) is measured from CE/CE or CS/CS going inactive. 

Timing Waveforms 

PROPAGATION DELAY FROM ADDRESS (CE/CE = ACTIVE, CS/CS = ACTIVE) 



ADDRESS 
INPUTS 



DATA 
OUT 



X 



-tRC- 



VALID ADDRESS 



> 



-tAA- 




-tOH" 



VALID DATA 




PROPAGATION DELAY FROM CHIP ENABLE, OR CHIP SELECT (ADDRESS VALID) 

tACE 



CE/CE 



CS/CS 



DATA OUT 



>; 



ice -- 
Vcc CURRENT 

iss — 



VALID 



>: 



- tACS - 



VALID 



-t|_z- 



-tLZ" 



>: 



~tpu~ 



>; 



-t H Z- 



-t H Z- 



VALID DATA 



-tpD- 



)- 
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Package Dimensions 



28 DIP 



Unit: inches (mm) 



1.447 (36.754) MIN 








1.467 (37.262) MAX 

nnnnnnnnnnnnnn 




) 



2 
cvT 

CD 
CO 

8 

in 




X 

< 

o" 
o> 

CO 

cT 

LO 

in 
o 


uuuuuuuuu 

0.05 (1.27) MIN 




U U U.JJ 




0.065(1.65) MAX 









__x_ 






Q_ 

> 

h- 

o 

CM 

in 

o 
o 


' t 


^ 


J 


(6 


' / 



0.008(0.200) MIN 
0.015(0.380) MAX 



0.145 (3.683) MIN 



0.155 (3.937; MAX 



MMMMMWMMMMMMW 



0.015 (0.381) MIN 0.100 (2.54) TYP 



0.021 (0.533) MAX 



0.170 (4.318) MIN 



0.180 (4.572) MAX 



0.120 (3.048) MIN 



0.140 (3.556) MAX 
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GM23C4000 

524,288 WORDS x 8 BIT 
CMOS MASK ROM 



Description 

The GM23C4000 high-performance Read Only 
Memory is organized as 524,288 words by eight 
bits and has an access time of 150/200ns. It is 
designed to be compatible with all microproces- 
sors and similar applications where high perfor- 
mance large-bit storage and simple interfacing are 
important considerations. The GM23C4000 offers 
automatic power down controlled by the Chip 
Enable (CE) input. When CE goes HIGH, the 
device will automatically power down and remain 
in a low power standby mode as long as CE re- 
mains HIGH. This feature provides system level 
power savings of as much as 80%. The 
GM23C4000 is packagedm a 32-DIP, provides 
polarity programmable CE and OE, CS buffer as 
user option mode. 

Features 

• 524,288 x 8 organization 

• Single + 5V Supply 

• Access time 150/200ns (Max) 

• Totally static operation 

• Completely TTL compatible 

• Operating current 60mA (Max) 

• Standby current 100/xA (Max) 

• Automatic power down (CE) 
Programmable Chip Select 

3-state outputs for wired-OR expansion 

• 32-pin industry-standard DIP (600 mil) 

• EPROMs accepted as program data input 

• Polarity programmable chip enable and 
output enable, chip select pin 

Pin Description 



Pin 


Function 


A0-A18 


Address Inputs 


O0-O7 


Data Output 


CS, CS, NC 


Chip Select Input 


CE,CE, NC 


Chip Enable Input 


OE,OE, NC 


Output Enable Input 


Vcc 


Power Supply 


Vss 


Ground 



Pin Configuration 

32 DIP (Top View) 



CS, CS, NC £ 




KJ 


32 


3 v C c 


A16 \Z 


2 




31 


U A18 


A15 C 


3 




30 


3 A17 


A12 C 


4 




29 


3 A14 


A7C 


5 




28 


3 A13 


A6 \Z 


6 




27 


UA8 


A5 C 






26 


I]A9 


A4 C 


8 




25 


3 A11 


A3 C 


9 




24 


3 OE, OE, NC 


A2 C. 


10 




23 


I]A10 


A1 C 


11 




22 


3 CE, CE, NC 


A0 C 


12 




21 


H07 


oo d 


13 




20 


U06 


01 c 


14 




19 


I] 05 


02 C 


15 




18 


3 04 


Vss C 


16 




17 


U03 



Block Diagram 



CE, CE 
CS, CS 
OE, O^ 



CONTROL 
LOGIC 



OUTPUT 
BUFFERS 



A0-A18 

ADDRESS 

INPUT 



Vcc- 
v S s- 



Y-DECODER 



X-DECODER 



Y-SELECT 



4,194,304 BIT 
ROM ARRAY 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Operating Temperature 


0-70 


°C 


TsTG 


Storage Temperature 


-65-125 


°C 


Vcc 


Supply Voltage Ground Potential 


-0.5-7.0 


V 


VoUT 


Applied Output Voltage 


-0.5-7.0 


V 


ViN 


Applied Input Voltage 


-0.5-7.0 


V 


PD 


Power Dissipation 


1.0 


w 



* Stress above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 



DC Electrical Characteristics: (Vcc = 5V± 


: 10%, Ta = 0~70°C) 








Symbol 


Parameter 


Conditions 


Min 


Max 


Unit 


VOH 


Output High Voltage 


I OH =-400/*A 


2.4 




V 


Vol 


Output Low Voltage 


Iol= 1.6mA 




0.4 


V 


V, H 


Input High Voltage 




2.2 


Vcc + 0.3 


V 


Vil ' 


Input Low Voltage 




-0.3 


0.8 


V 


In 


Input Leakage Current 


Vi N = 0Vto Vcc 




10 


HA 


Ilo 


Output Leakage Current 


V O uT = 0Vto Vcc 




10 


/jlA 


Ice 


Operating Supply Current 


Note 1 




50 


mA 


ISB 


Standby Supply Current 


CE = Vih 




1 


mA 


ISBl 


Power-Down Supply Current 


CE = Vcc ± 0.3V 




100 


fiA 



AC Operating Characteristics (Vcc = 5V±10%, Ta = 


0~70 c 


C) 








Symbol 


Parameter 


GM23C4000-15 


GM23C4000-20 


Unit 


Note 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


150 




200 




ns 




tAA 


Address Access Time 




150 




200 


ns 




tOH 


Output Hold After Address Change 


10 




10 




ns 




tACE 


Chip Enable Access Time 




150 




200 


ns 




tACS 


Chip Select Access Time 




75 




90 


ns 




tAOE 


Output Enable Access Time 




75 




90 


ns 




tLZ 


Output LOW-Z Delay 


10 




10 




ns 


2 


tHZ 


Output HIGH-Z Delay 




85 




90 


ns 


3 



Capacitance 


(T A = 25°C, f=1.0 MHz, Note 4) 








Symbol 


Parameter 


Conditions 


Min 


Max 


Unit 


Ci 


Input Capacitance 


Vi N = 0V 




15 


pF 


Co 


Output Capacitance 


V O ut=0V 




25 


pF 
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Notes: 

1. Measured with device selected and outputs unloaded. 

2. Output LOW impedance delay (tLz) is measured from CE going LOW. 

3. Output HIGH impedance delay (tHz) is measured from CE going HIGH. 

4. This parameter is periodically sampled and is not 100% tested. 



Mode Selection 



CE/CE 


OE/OE 


cs/cs 


Mode 


Data 


Power 


L/H 


X 


X 


Standby 


High-Z 


Standby 


H/L 


X 


L/H 


Operating 


High-Z 


Active 


H/L 


L/H 


X 


Operating 


High-Z 


Active 


H/L 


H/L 


H/L 


Operating 


Dout 


Active 



TIMING WAVEFORMS 

Propagation Delay From Address (CE/CS/OE= Active) 



ADDRESS 
INPUT 



DATA 
OUT 



)( 



VALID ADDRESS 



-tAA- 



VALID DATA 



Propagation Delay From Chip Enable (Address Valid) 



CE 
CE 

CS, OE 
CS, OE 

DATA OUT 



X 



AC Test Conditions 



-tACE- 



- tACS- tAOE - 



X 



VALID 



-tLZ- 



-tLZ- 



X 



X 



-tOH- 



-tHZ- 



X 



-IHZ- 



VALID DATA 



} 



f-5V 



Input Pulse Levels 


0.4 to 2.4V 


Input Rise and Fall Times 


10ns 


Input Timing Level 


1.5V 


Output Timing Level 


0.8 and 2.0V 


Output Load 


See Figure 1 



S 1250 (2 



DqUT- 



775(2 



100 pF 

(INCLUDING SCOPE AND JIG) 



ik FIGURE 1 



311 



GM23C4000 



Package Dimensions 
32 DIP 



Unit: inches (mm) 



1.655 (42.037) MIN 



1.665 (42.292) MAX 

nnnnnnnnnnnnnnnn 




UUUUUUUUUUU 

0.05 (1.27) MIN 



0.065 (1.65) MAX 



U U U U 







_^ 






Q. 

O 
CM 

in 
o 


t 


^ 


^-* d 

«, 


L/ 



0.008 (0.200) MINi 
0.015 (0.380) MAX 



0.140 (3.556) MIN 



0.160 (4.064) MAX 



k 



m 



0.015 (0.381) MIN^ 



0.021 <0.533) MAX 




MP 



JTOK 



0.100(2.54) 



TYP 



0.165 (4.191) MIN 



0.185 (4.699) MAX 



0.120 (3.048) MIN 



0.140(3.556) MAX 
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GM23C4100 

512Kx 8/256K x 16 BIT 
CMOS MASK ROM 



Description 

The GM23C4100 high performance read only 
memory is organized either as 524,288 x 8 bit (Byte 
Mode) or as 262,144x16 bit (Word Mode) fol- 
lowed by BHE mode select. 
The GM23C4100 offers automatic power down 
controlled by the mark programmed CE or CE in- 
put. The low power feature allows the battery 
operation. The large size of 4M bit memory den- 
sity is ideal for character generator, data or pro- 
gram memory in microprocessor application. This 
ROM is packaged in 40 pin DIP or 44 pin QFP. 

Features 

• Single + 5V Power Supply 

• TTL compatible 

• High Speed: Maximum 150ns Taa 

• Programmable chip enable and output enable 

• Low power consumption 

Operating: 50mA maximum 
Standby: 100/xA maximum 

• Byte or Word switchable by BHE pin 

(BHE can be switched on the fly or a DC signal) 

• Package: 40 pin (600 mil) DIP or 44 pin QFP 

Pin Description 



Pin Configuration 

40 DIP (Top View) 




Pin 


Function 


A0-A17 


Address Inputs 


O0-O14 


Data Outputs 


015/A-l 


Output O15 (Word mode)/ 
LSB Address (Byte mode) 


BHE 


Word/Byte Selection 


CE/CE/NC 


Chip Enable 


OE/OE/NC 


Output Enable 


Vcc 


Power ( + 5V) 


Vss 


Ground 


NC 


No Connection 



A3 
A2 
A1 
A0 

CE/CE/NC 

NC 

_V S S 

OE/OE/NC 
Oo 
08 
01 



44 QFP (Top View) 

1^ , s O t- (M 

"<fr W(DSi-U(D(])rrr 

< <<<<z<<<<< 

i i i i ii rm 






CMCO-sl- U) (O SCO O) O i- CM 



H 



33 
32 
31 
30 
29 
28 
27 
26 
25 
24 

CM CM CM 



u 



A13 
A14 
A15 
A16 
BHE 
NC 

Vss 

015/A-1 
07 
014 
06 



COf-Q O *t CM l« CO 



Block Diagram 



CE/CE/NC - 

OE/OE/NC - 

BHE ■ 



Control Logic 



Address 
Buffers 
and 
Decoder 



(A-1) 



Sense Amp 

Output 

Buffers 



Memory 
Array 



* 015/(07) 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Ambient Operating Temperature 


0-70 


°C 


TsTG 


Storage Temperature (plastic) 


-65-125 


°C 


Vcc 


Voltage on any Pin Except Relative to Vss 


-0.5-7.0 


V 



*Operation at or above "Absolute Maximum Ratings" can adversely affect device reliability. 

Recommended Operating Conditions (Ta=0~70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vih 


Input High Voltage 


2.2 


- 


Vcc + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 


- 


0.8 


V 



DC Electrical Characteristics: (Vcc=5V±io%, Vss=ov Ta=o to 70°C) 



Symbol 


Parameter 


Conditions 


Min 


Max 


Unit 


V H 


Output High Level Voltage 


Ioh=-400/*A 


2.4 


- 


V 


Vol 


Output Low Level Voltage 


IoL = 2.1mA 


- 


0.4 


V 


Ice 


Operating Current 


CE = OE = Vil, f = 5.0MHz 
all I/0's = open 


— 


50 


mA 


ISB 


Standby Current (BIP) 


CE = Ii H , all I/0's = open 


- 


1 


mA 


ISB1 


Standby Current (CMOS) 


CE = Vcc, all I/0's = open 


- 


100 


fiA 


In 


Input Leakage Current 


Vin = to Vcc 


- 


10 


fxA 


Ilo 


Output Leakage Current 


Vqut = to Vcc 


- 


10 


pA 



Mode Selection 



CE/CE 


OE/OE 


BHE 


015/A-l 


Mode 


Data 


Power 


L/H 


X 


X 


X 


Standby 


High-Z 


Standby 


H/L 


L/H 


X 


X 


Operating 


High-Z 


Active 


H/L 


H/L 


H 


Output 


Operating 


O0-O15:D O ut 


Active 


H/L 


L 


Input 


Operating 


O0-O7: Dqut 
08-0 14: High-Z 


Active 
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TIMING WAVEFORMS 

(1) Word Mode (BHE = V| H )/Byte Mode (BHE = V| L ) 



ADD 
A0-A17 
A 1(*1) 



CE/CE 



OE/OE 



Dout 

O0-O7 

08-01 5(*2) 




(M) Byte Mode only. A-1 is Least Significant Bit Address. (BHE = V| L ) 
(*2) Word Mode only. (BHE = V| H ) 



(2) Word Mode, Byte Mode Switch 



A-1 



BHE 



00-07 



08-015 




*8LZ 



Notes: 1. CE/CE, OE/OE are enable_A0-A17are Valid. 

2. If BHE is high and CE, OE is enable 015/A- 1 pin is in the output state. 

3. Therefore, the input signals of opposite phase to the outputs must not be applied to 
them. 



315 



GoldStar 






< 


GM23C4100 


AC Operating Characteristics (Vcc = 5V ± 10%, Ta = ~ 70°C) 


Symbol 


Parameter 


GM23C4100-15 


GM23C4 100-20 


Unit 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


150 




200 




ns 


tACE 


Chip Enable Access Time 




150 




200 


ns 


tAA 


Address Access Time 




150 




200 


ns 


tOE 


Output Enable Access Time 




70 




80 


ns 


tOHZ 
tCHZ 


Output or Chip Disable to 
Output High-Z 




60 




70 


ns 


tOH 


Output Hold from Address Change 


10 




10 




ns 


tOLZ 
tCLZ 


Output or Chip Enable to 
Output in Low-Z 


10 




10 




ns 


tBHE 


BHE Access Time 




150 




200 


ns 


tBHZ 


BHE Low to Output 
08-015 in High-Z 




60 




70 


ns 


tBLZ 


BHE High to Output 
08-015 in Low-Z 


10 




10 




ns 



Test Condition 

Input Pulse Level: 0.6V to 2.4V 

Input Rise and Fall Times: 10ns 

Input and Output Timing Levels: 0.8V and 2.0V 

Output Loads: 1 TTL gate and C L =100pF. 

Capacitance* (Ta = 25°C, f=1.0MHz) 



Symbol 


Parameter 


Test Conditions 


Min 


Max 


Unit 


Co 


Output Capacitance 


Vout = 0V 




8.0 


pF 


Q 


Input Capacitance 


. Vi L = 0V 




8.0 


pF 



*Capacitance is periodically sampled and not 100% tested. 
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Package Dimensions 
40 DIP 



2.035 (51 .689) MIN 



2.075(52.705) MAX 



nnn n n n nnn n n n n nnnnnnn 




uuuuuuuuuuuuuu 

0.050 (1.27) min 



0.065 (1.65) MAX 



uuuuu 



0.145 (3.683) MIN 



0.155 (3.937) MAX 



AAAAAAAAAAAAAAAAAAAA 



0.015 (0-381)MIN^ 



0.021 (0.533) MAX 



0.100(2.54) TYP 



Unit: inches (mm) 



\ 




0.600 (15.240) TYP 




0.015(0.380) MAX 
0.170 (4.318) MIN 



0.180(4.572) MAX 



0.120 (3.048) MIN 



0.140 (3.556) MAX 



44 QFP 



0.014 (0.35) 
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GM23C8100 

512Kxl6/lM x 8 BIT 
CMOS MASK ROM 



Description 

The GM23C8100 high performance read only 
memory is organized either as 1,048,576x8 bit 
(Byte Mode) or as 524,288 x 16 bit (Word Mode) 
followed by BHE mode select. 
The GM23C8100 offers automatic power down 
controlled by the mark programmed CE or CE in- 
put. The low power feature allows the battery 
operation. The large size of 8M bit memory den- 
sity is ideal for character generator, data or pro- 
gram memory in microprocessor application. This 
ROM is packaged in 42 pin DIP. 

Features 

• Single + 5V Power Supply 

• TTL compatible 

• High Speed: Maximum 150ns/200ns 

• Programmable chip enable and output 
enable 

• Low power consumption 

Operating: 50mA maximum 
Standby: 30/jlA maximum 

• Byte or Word switchable by BHE pin 
(BHE can be switched on the fly or a DC 
signal) 

• Package: 42-pin plastic DIP 

Pin Description 



Pin Configuration 
42 DIP (Top View) 



Pin 


Function 


A0-A18 


Address Inputs 


O0-O14 


Data Outputs 


015/A-l 


Output Data 15 (Word mode)/ 
LSB Address (Byte mode) 


BHE 


Word/Byte Selection 


CE/CE/NC 


Chip Enable 


OE/OE/NC 


Output Enable 


Vcc 


Supply Power ( + 5V) 


Vss 


Ground 


NC 


No Connection 



CE/CE/NC 

CE/CE/NC 

BHE/NC 



A18 



A18 C. 


1 42 


3 nc 


A17 d 


2 41 


3 A8 


A7d 


3 40 


3 A9 


A6 C 


4 39 


3 A10 


A5 C 


5 38 


3 A11 


A4 \Z 


6 37 


P A12 


A3 C 


7 36 


9 A13 


A2C 


8 35 


3 A14 


A1C 


9 34 


3 A15 


AbC 


10 33 


3 A16 


CE/CE/NC \Z 


11 32 


3 BHE / NC 


VssC 


12 31 


3 v ss 


OE/OE/NC £ 


13 30 


3 O15/A-I 


ooC 


14 29 


H07 


o 8 C 


15 28 


3 014 


04 {2 


16 27 


]o 6 


9 c 


17 26 


3 °13 


02C 


18 25 


13 o 5 


O10C 


19 24 


3 012 


3 c 


20 23 


3 04 


on c 


21 22 


3 v cc 


Block Diagram 




(A-1) 


► Control Logic 








** 








Sense Amp 


- T ^0( 






Output 


i 
t 






Buffers 


— !-► 01 








Memory 
Array 




Address 

Buffers 

and 






Decoder 
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Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Operating Temperature 


0-70 


°C 


TsTG 


Storage Temperature 


-55-150 


°C 


Vcc 


Supply Voltage 


-0.3-7.0 


V 


VoUT 


Output Voltage 


-0.3 -Vcc + 0.3 


V 


VlN 


Input Voltage 


-0.3 -Vcc + 0.3 


V 



*Operation at or above "Absolute Maximum Ratings" can adversely affect device reliability. 



Recommended Operating Conditions (Ta = 0~70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


Vm 


Input High Voltage 


2.2 




Vcc + 0.3 


V 


VlL 


Input Low Voltage 


-0.3 




0.8 


V 



DC Electrical Characteristics: (Vcc = 5V±10% / Vss = 0V,Ta = 0~70°C) 



Symbol 


Parameter 


Condition 


Min 


Typ 


Max 


Unit 


VOH 


Output High Voltage 


Ioh= -1.0mA 


2.4 






V 


Vol 


Output Low Voltage 


Iol= 2.1mA 






0.4 


V 


In 


Input Leakage Current 


Vi N = to Vcc 






1 


pA 


Ilo 


Output Leakage Current 


Vout = to Vcc 






1 


./-iA 


ISB 


Standby Current (BIP) 


/CE Disabled (Vm) 
All Output Open 




0.1 


1 


mA 


ISB1 


Standby Current (MOS) 


/CE Disabled (V CC -0.2V) 
All Output Open 




5 


30 


fiA 


Ice 


Operating Current 


Tcyc = MIN,/CE&/OE = Vil 
All Input Vil/Vih 
All Output Open 






50 


mA 
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AC Characteristics 


Symbol 


Parameter 


GM23C8100-15 


GM23C8 100-20 


Unit 


Min 


Max 


Min 


Max 


tRC 


Read Cycle Time 


150 




200 




ns 


tAA 


Address Access Time 




150 




200 


ns 


tACE 


Chip Enable Access Time 




150 




200 


ns 


tOE 


Output Enable Access Time 




70 




80 


ns 


tBHE 


BHE Access Time 




150 




200 


ns 


tBHZ 


BHE Low To Output 8 -Oi 5 In High-Z 




60 




70 


ns 


tBLZ 


BHE High To Output 8 -Oi 5 In Low-Z 


10 




10 




ns 


tOHZ 
tcHZ 


Output or Chip Disable 
To Output High-Z 




60 




70 


ns 


tOH 


Output Hold From Address Change 


10 




10 




ns 


tOLZ 
tCLZ 


Output or Chip Enable 
To Output In Low-Z 


10 




10 




ns 



*TEST CONDITION 

Input Pulse Levels 

Input Rise and Fall Times 

Output and Output Timing Levels 
Output Loads 



0.6V to 2.2V 

10ns 

0.8V to 2.0V 

1 TTL + 100 pF 



Mode Selection 



Mode 


/CE,CE 


/OE,OE 


Byte 


D0-D7 


D8-D14 


D15/A-1 


Power 


16 Bit Operating 


L, H 


L, H 


H 


Data Out 


Active 


8 Bit Operating 


L, H 


L, H 


L 


Out 


High-Z 


LSB 


Active 


Output Disable 


L, H 


H, L 


X 


High-Z 


High-Z 


High-Z 


Active 


Standby 


H, L 


X 


X 


High-Z 


High-Z 


High-Z 


Standby 
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TIMING WAVEFORMS 

(1) Word Mode (BHE = V| H )/Byte Mode (BHE = Vil) 



ADD 
A0-A18 
A-1(*1) 



CE/CE 



OE/OE 



Dout 

O0-O7 

08-01 5(*2) 




(*1) Byte Mode only. A-1 is Least Significant Bit Address. (BHE = Vn_) 
(*2) Word Mode only. (BHE = V| H ) 

(2) Word Mode, Byte Mode Switch 



A-1 High-Z- 



BHE 



00-07 



08-015 



-<tAA- 




tQH 



VALID DATA 




-*tBHZ*- 



— High-Z- 



-High-Z- 



-tBHE- 



VALID DATA 




tBLZ 



VALID DATA 



Notes: 1 . CE/CE, OE/OE are enable. AO - A1 8 are Valid. 

2 If BHE is high and CE, OE is enable 015/A- 1 pin is in the output state. 
3. Therefore, the input signals of opposite phase to the outputs must not be applied to 
them. 
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Package Dimensions 
42 DIP 



Unit: Inches (mm) 



2.064 (52.43) 






nnnnnnnnnnnnnnnnnnnnn 




) o o 

o 


n 

ST 
CO 

m 


UUUUUUUUUUUUUUL 

.050(1.27) »■ 


JUUUUUU 

•+ 







0-10° 



.010 (0.25) 




/ 




■\ 


' [ .200 (5.07) 
[_ , MAX 


w 


AMMMMMMJl 


P 


IH 


. 


llBlfl) 


I II II II 


J 


JUUUUUUUU 

.100 (2.54) 


a ^ .115(2.92) 

<r min 




-► 


.018(0.46) 


»» 




.015 (0.38) 
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GM23C8000 

1,048,576x8 BIT CMOS 
MASK-PROGRAMMABLE ROM 



General Description 

The GM23C8000 is a 1048576 words by 8 bits 
EPROM-Compatible Read-Only-Memory. It is 
designed to be compatible with all microproces- 
sors and similar applications where high perfor- 
mance large-bit storage and similar interfacing are 
important design considerations. 
The GM23C8000 offers automatic powerdown 
controlled by the Chip Enable CE/CE input. When 
CE goes HIGH (CE goes LOW), the device will 
automatically power down and remain in a low 
power standby mode as long as CE remains HIGH 
(CE remains LOW). This feature provides system 
level power savings as much as 99%. An addition- 
al feature of GM23C8000 is the Output Enable. 
OE functions (may be mask programmed as 
OE/OE/NC) in order to eliminate bus contention 
in multiple bus microprocessor systems. 

Pin Description 



Pin No. 


Symbol 


Description 


3-12, 23 
25-29 


A0-A15 


Address Inputs 


13-15, 
17-21 


O0-O7 


Data Output 


16 


GND 


Ground 


32 


Vcc 


Power Supply 


1 


A19 


Address Input 


22 


CE/CE 


Chip Enable Input 


2 


A16 


Address Input 


24 


OE/OE/NC 


Output Enable 


Address Input 


31 


A18 


Address Input 


30 


A17 


Address Input 



Notes 

(1) This pin is user-definable as active high or active low. 

(2) NC is "No Connection" 



Features 

• 1048576 x 8-bit organization 

• Single +5V Power Supply 

• Access times: 150 ns (max.) 

• Current: Operating: 40 mA (max.) 

Standby: 30 /xA (max.) 

• 3-state outputs for wired OR expansion 

• Fully static operation 

• TTL-compatible inputs and outputs 

• Mask programmed for CE/CE, OE or OE or 
NC 

• Available in 32 pin DIP package 
(GM23C8000) or in 32 pin SOP package 
(GM23C8000). 

Pin Configuration 



A ~A 19 

ADDRESS 

INPUTS 



CE/CE " 




GND C 16 



Block Diagram 



ROW 

DECODER 

DRIVER 



MEMORY 

CELL 

ARRAY 

1,048,576x8 



COLUMN 

DECODER 

DRIVER 



r 



COLUMN 
SELECTOR 



ROWER DOWN 

J OR 
CHIP SELECT 
| CIRCUITRY 



OUTPUT 
BUFFERS 



OE/SE/NC 

__L 



OUTPUT 
ENABLE 
CIRCUITRY 



I I I I I 

o 1 2 j o 4 1 o 6 1 

Oi 3 5 7 



323 



GM23C8000 



Absolute Maximum Ratings* 


Symbol 


Parameter 


Rating 


Unit 


T A 


Operating Temperature 


-10-+80 


°C 


TsTG 


Storage Temperature 


-65- +150 


°C 


Vcc 


Supply Voltage to Ground Potential 


- 0.5V ~ Vcc + 0.5 


V 


VoUT 


Output Voltage 


- 0.5 - Vcc + 0.5 


V 


Vin 


Input Voltage 


-0.5 -Vcc + 0.5 


V 


Pd 


Power Dissipation 


400 


mV 



* Comments 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 
These are stress ratings only. Functional operation of this device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rat- 
ing conditions for extendes periods may attect device reliability. 

Recommended DC Operating Conditions (Ta = 0°C to 70°C) 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Vcc 


Supply Voltage 


4.5 


5.0 


5.5 


V 


GND 


Supply Voltage 











V 


Vih 


Input High Voltage 


2.2 




Vcc + 0.3 


V 


VlL 


Input Low Voltage 


-0.5 




0.8 


V 



DC Electrical Characteristics: (Vcc = 5.0V ± 10%, GND = 0V, Ta = to 70°C) 



Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Unit 


V OH 


Output High Voltage 


Ioh= -1.0mA 


2.4 






V 


Vol 


Output Low Voltage 


Iol = 3.2mA 






0.4 


V 


Iih 


Input High Voltage 




2.2 




Vcc + 0.3 


V 


Vil 


Input Low Voltage 




-0.5 




0.8 


V 


Il(L) 


Input Leakage Current 


Vin = 0V to Vcc 






10 


/xA 


IO(L) 


Output Leakage Current 


V O ut = 0V to Vcc 






10 


/xA 


Ice 


Operating Supply Current 


CE = Vil, CE = Vih 






40 


mA 


ISB 


Standby Supply Current 


CE = Vih, CE = Vil 






1.5 


mA 


ISBl 


Standby Supply Current 


CE = V C c-0.2V, CE = 0.2V 






30 


HA 



Capacitance: 



Symbol 


Parameter 


Conditions 


Min. 


Max. 


Unit 


Q* 


Input Capacitance 


T A = 25°C 
f=1.0MHz 




10 


pF 


Co* 


Output Capacitance 




10 


pF 



"This parameter is periodically sampled and is not 100% tested. All pins except pin under test tied to AC ground. 
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AC Operating Characteristics (T A =o°c to +70°c. v C c=5V±io%, GND=ov) 



Symbol 


Parameter 


GM23C8000 


Unit 


Min 


Max 


tCYC 


Cycle Time 


150 




ns 


tAA 


Address Access Time 




150 


ns 


tACE 


Chip Enable Access Time 




150 


ns 


tAOE 


Output Enable Access Time 




75 


ns 


tOH 


Output Hold After Address Change 


10 




ns 


tLZ 


Output Low Z Delay 


10 




ns 


tHZ 


Output High Z Delay 




85 


ns 


tpu 


Power-Up Time 







ns 


tPD 


Power-Down Time 




85 


ns 



*tHZ is specified from either OE/OE or CE/CE going disabled whichever occurs first. 

Timing Waveforms 

Propagation Delay From Address (CE/CE going enabled) 



ADDRESS 



INPUTS 



DATA OUT 



X 



"tCYC" 



>; 



-tAA - 



-tQH- 



VALID 



Propagation Delay From Chip Enable or Chip Select or Output Enable (Address Valid) 



CHIP ENABLE/ 
CHIP SELECT 



OUTPUT ENABLE 



*CC" 



V C c CURRENT 



'ss- 



> 



VALID 



-tACE- 



> 



-tLZ" 



J 



"tpu" 



-tAOE - 



VALID 



X 



>; 



-tHZ- 



VALID 



"tPD" 
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-5V 



AC Test Conditions 



Input Pulse Levels 
Input Rise and Fall Time 
Timing Measurement 
Reference Level 
Output Load 



0.4 to 2.4V 

10ns 

Vil = 0.8V Vih = 2.2V 

Vol = 0.8V Voh = 2.0V 

See Fig. 1 



DOUT 



775Q 



; 1250A 



±. 100pF* 



•Including scope and 119 

Fig. 1 Output Load Circuit 



Truth Table (GM23C8000) 



CE/CE 


OE/OE 


O0-O7 


Mode 


A 


A 


Output Data 


Read 


I 


X 


Hi-Z 


Power Down 


A 


I 


Hi-Z 


Output Disable 



1. CE/CE, OE/OE/NC, are mask programmable which can be selected for active low, active high or no connection. 

2. "A" means "Active" "I" means "Inactive" "X" means "Active" or "Inactive". 

3. If OE/OE/NC is set to no-connection, the input level will be internally fixed at active level. 
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Package Dimensions 
32 DIP 



Unit: inches (mm) 



1.655 (42.037) MIN 



I 665 (42.292) MAX 



nnnnnnnnnnnnnnnn 




uuuuuuuuuuu 

0.05 (1.27) MIN 



0.065 (1.65) MAX 



u u u u 



3° ~ 11° 




0.015 (0.380) MAX 



0.140 (3.556) MIN 



0.160 (4.064) MAX 



$ 



aa 



0.015 (0.381) MIN 



0.021 <0.533) MAX 




AAA 



AAAAA 



0.100(2.54) 



TYP 



0.165 (4.191) MIN 



0.185 (4.699) MAX 



0.120 (3.048) MIN 



0.140 (3.556) MAX 
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DRAM DATA SHEET 



DRAM MODULE DATA SHEET 



MULTIPORT VIDEO RAM DATA SHEET 



SRAM DATA SHEET 




MASK ROM DATA SHEET 



DISTRIBUTORS 
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OVERSEAS OFFICES 



U.S. A. 

GOLDSTAR ELECTRON AMERICA, INC. 
3003 North First Street Tel : 408-432-1331 

San Jose, CA 95134-2004 Fax:408-432-6067 

GERMANY 

GOLDSTAR Deutschland GmbH 
JakotHtaiser str. 12 Tel : 2154-492172 

4156 Willich 1 Fax : 2154-429424 

HONGKONG 

GOLDSTAR (H K.) LTD. 

Rm. 1601, 16/F., Bank of America Tower 

12 Harcourt Road, Tel : 524-2040 

Hong Kong Fax : 868-1434, 845-9416 

TAIWAN 

GOLDSTAR ELECTRON TAIWAN OFFICE 
4F, No. 77, Sec. 2 Tel : 02-703-2295, 

Tun Hwa South Road 703-2294 

Taipei Taiwan, R. O. C. Fax : 02-703-7470 

SINGAPORE 

GOLDSTAR ELECTRON SINGAPORE 

OFFICE 

8 Shenton Way # 39-04 Tel: (65) 226-1191 

Treasury Building Spore 0106 Fax : (65) 221-8575 

JAPAN 

GOLDSTAR ELECTRON JAPAN OFFICE 
Hon-Kan 9F, Akasaka Twin Tower 
17-22, 2-Chome, Akasaka, Tel : 03-3224-0123 
Minato-Ku Tokyo, Japan Fax:03-3224-0692 
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ASIA 



KOREA 

o TAEWON TRADING CO., LTD 
A-40 PLAZA IF JUN JA LAND 



16-9HangangRo-2Ga, 
Yongsan-Gu 
Seoul, Korea 



o PALBOKCO.,LTD. 
412, 4THFL, JUN JA LAND 
MAINBLDG,16-9, 
3-KA,HangangRo, 
Yongsan-Gu Seoul Korea 

o SAM JIN ELECTRONICS 
67-1, Junpo 1 Dong Busanjingu 
Busan, Korea 



Tel: 02-701-0890, 
702-6981/8 

Fax:02-701-1333, 
702-4005 



Tel: 02-703-8561-4, 
703-8989 

Fax:02-703-8550, 
701-8186 



Tel:051-807-1717/ 

1747 
Fax:051-807-6657 



o SEOG YUNG ELECTRONICS 

182-2, Jangsa-Dong,Chongro-Gu Tel -.02-273-6781, 
Seoul, Korea 272-6811-6 

Fax:02-273-6597 



o SOKCHUNCO.,LTD. 
3112 Sun-In B/D 
Young San Gu 
K. P.O. Box 1148, Seoul, Kerea 



Tel: 02-273-7877/3177 
701-7811/7814 

Fax:02-274-3291 
701-3835 



o WOO SUNG SEMICONDUCTOR CO., LTD 
7005Ho 22Dong Seonin Sangga Tel -.02-701-0291-4 
16-1, Fax:02-701-0295 

Hangangro-2Ga, YongSan-Gu 
Seoul, Korea 



o SEOJEONTECH 

Rm 228, Kum Nam Elecronics 
Bldg. 1-5 5Ka Kum nam Ro, 
Dong- Gu, Kwang Ju, Korea 



Tel: 062-227-1088 
Fax:062-227-1089 



o DAE HO SEMICONDUCTOR CO., LTD 

A-50, 51 PLAZA IF JUN JA LAND Tel -.02-712-951 1-3 
16-9HangangRo-3Ga 718-2386 

Yongaan-Gu, Seoul Korea Fax : 02-716-7651 

JAPAN 

o TAKACHIHOKOHEKICO.,LTD. 

2-8, 1-Chome Yotsuya Shinjuku-Ku, Tel : 03-3355-6696 
Tokyo 160, Japan Fax : 03-3357-5034 

o LUCKY-GOLDSTAR INTL JAPAN LTD. 
Higashi-Kan 14F, Tel : 03-3582-9124 

Akasaka T/T 17-22, 2Chome, Fax:02-3582-0065 

Akasaka, M inato-Ku 
Tokyo, Japan 



o OHTORI CORPORATION. 
2-7, l-ChomeOhsumi533 
M igashiyodogawa-Ku, 
Osaka, 533 Japan 



Tel:06-327-1820 
Fax:06-327-8084 



o SUMISHOEELCTRONIC DEVICES CORP. 
3-2-14, Az uchimachi, Chuo-Ku, Tel : 06-263-5131 
Osaka, 541 Japan Fax : 06-263-5128 



o EWIG CORPORATION. 
4-4-5, Aobadai,Meguro-Ku, 
Tokyo 153 Japan 

HONG KONG 

* TECHGROW LIMITED 
Room 508, Block A. 5/F., 
Hunghom Commercial Centre 
39MaTauWaiRoad 
Hunghom, Kowloon, Hong Kong 



Tel:03-3467-9511 
Fax:03-3467-9527 



Tel: 764-3618 
Fax:764-1781 



o DYNATEK ELECTRONICS LTD. 
Unit 703-704, 7/F., 
Hong Leong Industrial Complex, 
4WangKwongRoad, Tel: 796-6689 

Kowloon Bay, Hong Kong. Fax : 796-6109 

o FAMOUS ZONE LTD. 
Unit 503, 5/F, 

Hong Leong Industrial Complex, 
4WangKwong Road, Kowloon Bay, Tel:796-9719 
Kowloon, Hong Kong. Fax : 798-6665 
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• GLOBAL TEC ELECTRONICS LTD. 
UnitAl,8F, Tel: 343-3318 
East Kowloon Plaz a, Fax : 790-7701 
420 Kwun Tong Rd, Kin, Hong Kong 

MALAYSIA 

• NIEEIECTRONICS(M)SDN.BHD. 

1004 & 1005 Resource Complex, Tel : 603621-2122/2133 
33 JalanSegambut Atas, Fax:603-621-1789 

51200 Kuala Lumpur, Malaysia. 

SINGAPORE 

• SCANTECHNOLOGY(S)PTE LTD. 

50, KaUangBahru* 04-01/03, 

Kallang Basin Industrial Estate, Tel : (65) 294-21 12 

Singapore 1233 Fax : (65) 296-1685 

• SINGAPORE RESOURCES PTE LTD. 
3UbiRoad4 Tel: 65-741-4533 
Singapore 1440 Fax : 65-741-7966 

TAIWAN 

• LUCKY^OLDSTARINT'LCORP. 

4F-4 NO. 77, Sec. 2 Tel : 02-755-6648/ 

Tun Hwa South Road, Taipei, 6650 

Taiwan, R. O. C. Fax : 02-702-0687 

• BRIGHT UP INDUSTRIES CO., LTD. 

7F, NO. 406, Sec. 4 Nani Rd. Tel : 02-703-1232 

Taipei, Taiwan, R. O. C. Fax : 02-754-1666 

• UNITECH DEVICE CORP. 

8F, Na2, Alley 1, Lane 235, Tel : 02-918-31 1 1 

Pao chiao Rd., Hsin., Hsin-Tien City Fax : 02-918-4229 
Taipei, Taiwan, R. O. C 

• EPCO TECHNOLOGY CO., LTD. 

3-1F, 329 Sec. 2, Fu Hsing S. Rd., Tel : 02-7373507 
Taipei, Taiwan, R. O. C Fax : 02-7373835 

• MICRO ELECTRONICS CO. 

12th Rl. 285 Sec. 3 Nanking E. Rd, Tel: 02-7198419 
Taipei, Taiwan, R. O. C Fax : 02-7197916 



THAILAND 

* LUCKY-GOLDSTAR INT'L CORP. 
Unit No. 33/104(2004), 

20/F. Wall Street Tower Bldg. 

33/77 Surawong Road, Tel : 2-233-9438/9 

Bangkok 10500, Thailand Fax : 2-237-0855 

EUROPE 
AUSTRIA 

* LUCKY-GOLDSTAR INT'L CORP. 

Mariahilfer Strasses 77-79, 1060, Tel : 222-93-3747 
W ien, Austria Fax : 222-93-3739 



BELGIUM 

o ERIAT 

PARC Industrial des Hauts Sarts 
Rue de L'abbaye 
B-4400 Herstal Belgium 



CZECHOSLOVAKIA 

• T.P.CCOMCOP 

Tyrosova 215 

506 01 Jicin Csfr/Czechoslovakia 

FINLAND 

• COMODOOY 

Isonniitynakatu 7A 
00520, Helsinki Finland 



Tel: 32-41-640605 
Fax:32-41-640642 



Tel: 42-433-22716 
Fax:42-433-23482 



Tel: 0-7572266 
Fax:0-7572369 



FRANCE 

* LUCKY-^OLDSTRAINTLCORP. 
PARIS OFFICE 

24, Avenue De La Grande-Armee Tel : 1-47-66 88 £ 
75017 Paris, France Fax : 1-47 66 13 1 



Sales Rep 

MR. Roland Lamonier 

1 Les Bas Rochers 

91620 La ViHe Du Ms 

France 



Tel: 1-69016882 
Fax:1-64498626 



GREECE 

o DIGITAL ELECTRONICS LTD. 

1/a Theokrigou Str Tel : 1-5335754 

121-34 Peristeri Fax : 1-5753058 
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HUNGARY 




SPAIN 




• ALBACOMP 




• LOBERS.A. 




H-8000 Szekesfehervar 




Monte Esquinz a, 


Tel: 1-3102925 


Hosszusetater4-6 


Tel:3&-22-315-414 


28 E-28010Madrid, Spain 


Fax:1-3104797 


Hungary 


Fax: 36-22-327-532 


SWEDEN 




ITALY 




• MIKOKOMPONENTAB 




• DAEWONEUROPASlRL 




Seger Sbyvagen 3 14502 Norsborg, 


Tel: 753-890 80 






Sweden 


Fax:753-75340 


Via lenarde da vinci, 146 20090 


Tel:2-48401344 






Trezzano Sul Naviglio(Milano), 
Italy 


(6Lines) 
Fax: 2-48401530/ 


SWITZERLAND 






1658 


o ETRONICSAG 








Sonnenberg,P.O.B.23 


Tel :l-750 35 11 


• MELCHIONIS.P.A. 




8103 Unterengstringen, 
Switzerland 


Fax:1-7503567 


Via P. Colletta, 37 20135 Milano, 


Tel:2-57941 






Italy 


Fax:2-55181914 


DENMARK 

• C-88AS 




o ECCELETTRONICAS.PA 












101, Kokkedal Industripark 


Tel: 42-244888 


20090 TrezeanoS/N(ITALY) 


Tel: 02-48401547 


Dk-K2980 Kokkedal DK-2980 


Fax:42-244889 


ViaCGoldoni,29 


Fax:02-48401599 


Denmark 




NETHERLANDS 




U.K. 




o ALCOM ELECTRONICS B.V 


* GOLDSTAR CO., LTD. 




P.O. Box 358 


Tel:3H0 -4519533 


Goldstar House 264 Bath Road 


Tel: 753-69-1888 


2900 A J CapeUe a/d Ijssel Holland 


Fax:31-10 4586482 


Slough 
Berkshire SH4EW 


Fax: 753-69-3061 


NORWAY 




* LUCKY-GOLDSTAR INTL(U.K) LTD 


o DATAMATIKAS 




4th Floor, C. P. House 


Tel: 01-579-8877 


Jerikoveien 16 


Tel -.02-301730 


97-107 Uxbridge Road, 


Fax:01-840-1658 


1007 Oslo 10 


Fax:02-300273 


Ealing London W55TL, U.K. 




Norway 












o FLINT DISTRIBUTION LTD. 


o SANTECHA.S. 




Enterprise House, 




Klinestadmoen 10 


Tel :34-70610 


Ashby Road, Coalville, 


Tel:053O51-0333 


N-3233Sandefjord 


Fax:34-70430 


Leicestershire LE6, 2L A 


Fax:0530-51-0275 


POLAND 




o ICE ELECTRONICS LTD. 




o OPTMUS 




31 Stephenson Road Burrel Road 




33-300 NowySqcz Barbackiego 


Tel: 48-18-227-97 


Industrial Estate ST Ives, 


Tel:0480-49-6466 


lOstr. Poland 


Fax :48-18-221-85 


Cambridge Shire PE174W J 


Fax:0480-49-6621 
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JUST RAMS LTD. 

Unit 6, Iron Bridge Business Park, 

Great Central W ay London, 

NW10OWN. 



AFRICA 



Tel: 081-151-7766 
Fax:08M59-6301 



o BLACK ARROW ELECTRONIC COMPONENTS 
LTD. 

WoolnersWay Tel: 0438-728800 

Stevenage Fax : 0438-742002 

Hertfordshire Sgi 3AJ 

GERMANY 

* LUCKY-GOLDSTAR INTL(Deutschland) 
GmbH 

Lyoner Stern Bldg. Hahnstrasse 70 Tel : 69-663-0070 
D-6000 Frankfurt Am Main 71 Fax : 69-666^865 
W. Germany 

o BECK GmbH & CO. ELEKTRONIK 
BAUELEMENTEKG 
Eltersdorfer str. 7 Tel : 91 1-34050 

8500 Nurnberg Fax : 91 1-340528 

o DISCOMP ELEKTRONIK GmbH 

Scharnhaeserstr. 3 Tel : 71 1-704061 

7024 Filderstadt 1. Germany Fax : 71 1-702640 



o DIOTRONICGmbH 
Heilbronner str. 23 
7320 Goppingen Germany 

TURKEY 

o NORM 

Gaz etecilerMah. 
YazarialSok.No.9/2 
80300 Esentepe-Istanbul 



Tel: 49-7161-683071 
Fax:49-7161-13389 



Te 1:01-272-35-74 

272-7768 
Fax: 267-3579 



OCEANIA 



AUSTRALIA 

o LUCKY-GOLDSTAR INTL CORP. 
SYONEY OFFICE 

Suite 603. 6th Fl. 83Mount street, Tel: 61-2-957-4941 
North Sydney 2060, Nsw, Australia (3Lines) 

Fax:61-2-957-3274 



SOUTH AFRICA 

o AXIZ 

P.O. Box 2794 Rivonia, 2128 
61 W essel Road Rivonia, Johan 
nesburg, 
South Africa 



Tel: 27-1 1-8038706 
Fax:27-11-8038708 



NORTH AMERICA 



GOLDSTAR ELECTRN AMERICA, INC. 
3003 North First Street, Tel : 408432-1331 

San Jose, CA 95134-2004 Fax : 408432-6067 



u 



GOLDSTAR ELECTRON AMERICA INC. 
EASTERN AREA OFFICE 
88410 WJBrynMawr Avenue Tel: 321-693-0450 

Suite 900 Fax: 312-399-0817 

Chicago, IL 60631-3430 



* GOLDSTAR ELECTRON AMERICA INC. 
WESTERN AREA OFFICE 
6576 Corte Cisco Calsbad CA 92008 Tel: 619-931-7641 

Fax:619-931-9628 



o MICRO SALES 
1865 N.W169Th Place 
Suite 210 
Beaverton, OR 97006 



Tel: 503-645-2841 
Fax:503-645-3754 



o MILLCO,INC(CHUCKMILLER) 

Rfd 2 274ARiver Road Tel : 516-543-0510 

St, James, NY 1 1780 Fax : 516-265-7706 



o NYCOM 
10 Adler Drive 
East Syracuse, NY 13057 

o NYCOM 

650 Cross Keys Office Park 
Fairport, NY, 14450 

o PRO ASSOCIATES 
890 Saratoga Avenue 
San Jose, CA 95129 



Tel: 315437-8343 
Fax:315437-1208 



Tel: 716425-5120 
Fax:716425-5125 



Tel: 408-248-5300 
Fax:408-244-7939 
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o ERA 

354 Veterans Memorial Highway 
Commack, NY 11725 



o HESTER ASSOCIATES 
8177ChagrinMillsRd. 
iChagrin Falls, OH 44022 



Tel:516-543~0510 
Fax:516-543-0758 
NY,Tel:800-654-5500 



Tel:216-338-5103 
Fax:216-338-5926 



o HORIZON TECHNICAL SALES 

240 James Street Tel : 708-860-7900 

Bensenville, IL 60106 Fax : 708-350-2836 



o H-TECHNICAL SALES 
4 Venture 
Suite 220 
Irvine, CA .92718 

o Logic One 

200 East Spring Valley 
Suite Aa 
Richardson, TX 75081 

o Logic One 

4606 Fm 1960 West-418 
Houston, TX 77069 

o Logic One 
9111JollyvilleRd 
Suite #112 
Austin, TX 78759-7433 

o Logic One 

6550 East 71St Street 
Suite B 
Tulsa, OK 74133 

o MICRO SALES 
2122 112Th Ave, NE. 
BeUevue,WA98004 



Tel: 714-753-7810 
Fax:714-753-7818 



Tel: 214-234-0765 
Fax:214-669-3042 



Tel: 713-444-7594 
Fax:713-444-8236 



Tel: 512-345-2952 
Fax:512-346-5309 



Tel: 918-494-0765 



Tel: 206-451-0568 
Fax:206-453-0092 



o COMPONENTS GROUP 
45 Groveland Terrace 
RO.Box3978 
Minneapolis, MN 55403 

o EMA 

30Wordanlane,N.W. 
Huntsville,AL 35805 

o EMA 

620 Colonial Park Drive 
Roswell,GA30075 

o EMA 

6604 Six Forks Road 
Suite 240 
Raleigh, NC 27609 

o EMA 

600S.NorthlakeBlvd, 

Suite 110 

Altamonte Springs, FL 32707 

O EMA 

23205 Fountain View Dr, #D 
Boca Raton, FL 33433 



Tel:612-374-1250 
Fax:612-374-5434 



Tel: 205-830-4030 
Fax:205-830-1947 



Tel: 404-992-7240 
Fax: 404-993-3426 



Tel: 919-846-6888 
Fax:919-847-7360 



Tel: 407-339-2333 
Fax:407-339-2604 



Tel: 407-394-6709 
Fax:407-394-2311 



o OMNI 

4550 Kearny Villa Rd, Suite 108 Tel : 619-9606 

San Diego, Ca 92123-1574 Fax: 619-268-9672 

CANADA 

■ VITEL ELECTRONICS CALGARY OFFICE 

421 1 Kingsway, Suite # 314 Tel : 604-439-9889 

Burnaby, Fax : 604-439-0195 
British Columbia V5H 126 



o ALPHA OMEGA SALES 
325 Main Street 
Suite 301 
North Reading, MA 01864 



Tel:508-664-1118 
Fax:508-664-3212 



VITEL ELECTRONICS OTTAWA OFFICE 
300MarchRd., Suite # 301 Kanata, Tel: 613-592-0090 
Ontario K2K 2E2 Fax : 613-592-0182 
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■ VITEL ELECTRONICS TORONTO OFFICE 
1550 Enterprise Drive Suite 222 Tel : 416-564-9720 
Mississauga, Ontario L4W 494 Fax : 416-564-5719 

■ VITEL ELECTRONICS HEAD OFFICE 
MONTREAL 

2235 Omesime Gagnon Lachine, Tel : 514-636-5951 
Quebec H8T 9ZT Fax : 514-636-1341 

SOUTH AMERICA 
BRAZIL 

* LUCKY-GOLDSTAR INT'L BR ASIL S/C LTD. 

Av. Paulista, Tel : 01 1-284-1 184 

1439 1.439-13° -Coni 134-Cep 287-41 18 

01311-Sao Pauio-SP-£rasil 284-9750 

Fax:011-285-1997 
284-9750 



MEXICO 

o DICOPEL 

Tochtli 368 Fracc. lnd 
Sa Antonio, Azcapotzalco 
C.P.02760Mexico,D.F. 

PARAGUAY 

o FANY AMERICA, INC. 
Adrian Jara 485 3'33 
Ckiudad Del Este, Paraguy 



Tel: 561-32-11 
Fax:561-12-79 



GOLDSTAR ELECTRON ASIC DESIGN HOUSE 



HONG KONG 

VALENCE SEMICONDUCTOR(HK) LTD. 
152-172 Kwong Fuk Road, Tel: 656-1151 

Tai Po, Hong Kong Fax : 652-2301 

SYNTHESIS SYSTEM DESIGN LTD. 
Unit 4, 12F., Chai Wan Industrial City, 
Phase 270Wing Tai Road, Chai Tel: 557-1102 
Wan, Hong Kong Fax:889-2962 

ADMOS AMERICA 

ADVANCEDMOS TECHNOLOGY INC. 
550 E. Browkaw Road Tel : 408-141-1617 

San Jose, California 951 12 Fax : 408-954-0727 



TAIWAN 

ARTISTEX INTERNATIONAL INC. 

HF-lNo,126,NanKingE.RD., 

Sec. 4, Taipei 10569 Taiwan, Tel : 8862-752-6330 

RO.G Fax:8862-721-5446 

E<M OS CORPORATION 

HEADQUARTERS: 

IF, No. 58 Park 2nd AVE. 

Science-teed Industrial Park, Tel : 886-35-783622 

HSIN-CHU. Taiwan R. O. C. Fax : 886-35-786630 
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W GoldStar 

k£Sj GOLDSTAR ELECTRON CO., LTD. 

16, WOOMYEON DONG SEOCHO 
SEOUL 137 140, K 
PHONE: (02)575 
FAX: (02)575 4555 

H FLOOR. H '.UILDJNG 

SEOUL 

PHONE 3-67 

FAX:(0 




